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Beckman /Spinco Model 120 
AMINO ACID ANALYZER 


By providing automatic instrumentation for the 
Spackman-Stein-Moore technique of amino acid 
chromatography, the Model 120 Amino Acid Analyzer 
has proved an invaluable aid to the biochemist. 


Savings in time and labor have been so significant 

that many of the instruments are operated 7 days mi 
a week. One laboratory reports 180 complete 

24-hour 2nalyses in the first 7 months of operation 
...another, 125 analyses in 135 days. # 


As with all major Spinco instruments, installation, 
operator training, and service are included 
at no extra cost. 


Whatever your studies with amino acids—protein i 
structure, tissue extracts or physiological fluids from Cc pon 
plants and animals, or food quality and enrichment — a 

let us send you literature on the Model 120 Analyzer. om 

Write Spinco Division, Beckman Instruments, Inc., 

Palo Alto 5, California. abi GLYCINE 
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Reference: p. H. Spackman, W.H. Stein, and S. Moore, 
“Automatic Recording Apparatus for use in the Chromatography 
of Amino Acids”’, Anal. Chem., 30, 1190-1206, 1958. 
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Chart at left is analysis of 
amino acids found in protein 
hydrolyzates: top run on 
150-cm column at 50°C and 
pH 3.25 buffer, with change- 
over to pH 4.25 buffer at 6 
hours; lower run on 

15-em column at 50°C and 
pH 5.28 buffer 


Chart at right shows components in 


physiological fluids: 50-cm column at 30°C and pH 4.26 
buffer, with changeover to 50°C at 14 hours. 


eproducible to better than 3 percent. 
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Look over these Saunders textbooks 


for sound help in the biological sciences 








HARROW ET AL.— LABORATORY MANUAL OF BIOCHEMISTRY 
New (5th) Edition! 


Concise, step-by-step directions for over 180 experiments 
are given in this helpful manual. It can be used with any 
standard text in biochemistry and emphasizes the quantita- 
tive approach. Every experiment is described with pin-point 
accuracy and the authors utilize supplementary explana- 
tions, illustrations and charts to increase clarity. 


Text material has been extensively revised for this new 
edition to require less laboratory supervision by the in- 
structor. Each experiment is followed by study questions 
to quicken the student’s observation. 


Among the new experiments you'll find: use of circular 
filter paper chromatography of amino acids—preparation 
of a crystalline protein, ferritin—estimation of succinic 
acid dehydrogenase activity—effect of malonic acid as a 
competitive inhibitor of succinic acid dehydrogenase—use 
of the Beckman model DU spectrophotometer—determina- 
tion of blood urea by nesslerization—ete. 


By BENJAMIN Harrow, Ph.D. and Associates. 169 pages, illustrated. 
Wire bound. $3.25. New (Sth) Edition! 


VILLEE, WALKER AND SMITH — GENERAL ZOOLOGY 


A .popular college text, this beautifully illustrated book 
blends discussions of broad biological principles with a 
thorough examination of certain representative animals. 
General concepts basic to the study of form and function 
of both vertebrates and invertebrates are clearly explained 
in the beginning of the book. These topics include mecha- 
nisms animals have in common—nutrition, digestion, respira- 
tion, excretion, sensation, locomotion, ete. Each major 
invertebrate phylum is considered in a separate chapter 


featuring discussions of one or more typical species. The 
vertebrates are introduced with a detailed consideration 
of the frog as representative. Both the vertebrate and in- 
vertebrate sections point out not merely the anatomy of the 
animals described, but also the habitat, mode of life and 
role in the biological community. 


4 CLaupE ViILLee, Harvard University; WARREN F. WALKER, Jr., 
Oberlin College; and Freperick E. SmitH, University of Michigan. 
877 pages, with 444 illustrations. $7.50. 


New (2nd) Edition! WALKER— VERTEBRATE DISSECTION 


Designed to accompany any comparative anatomy text, this 
practical laboratory manual gives the student unusually 
clear, precise directions for dissection. It compares the 
systems of three levels of organisms, using the dogfish, 
mudpuppy, cat and rabbit as principal specimens. These 
studies help the student understand the major anatomical 
transformations that have occurred in the vertebrates dur- 
ing their evolution from the fish to the mammalian stage. 
The student is clearly shown just how to do each step and 


what to look for—to give him the greatest benefit from the 
laboratory period. A significant change for this New (2nd) 
Edition is the addition of 60 new line drawings. Many of 
the figures show not only the organs being considered, but 
the relationship of these organs to surrounding parts. Ap- 
pendices explain terms and specimen preparation. 
By Warren F. Wacker, Jr., Ph.D., Professor of Zoology, Oberlin 
College, Ohio. About 320 pages with 105 illustrations. 

New (2nd) Edition—Ready in March! 


HOLLINSHEAD-FUNCTIONAL ANATOMY OF THE LIMBS AND BACK 
New (2nd) Edition! 


For those studying the functions of muscles and the move- 
ments of the body, this text is of particular interest. It 
describes in detail the voluntary musculature of the body 
—from the strap muscles of the neck to the flexers of the 
big toe. Full attention is given to related bones, joints, con- 
nective tissues, blood vessels and nerves. 


For this New (2nd) Edition the author has reviewed, re- 
written and rearranged material for better student under- 


Gladly sent to college teachers for consideration as texts 


Ww. B. SAUNDERS COMPAN Y—west Washington Square, Philadelphia 5 





SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW. Washington 5. D.C. Second-class postage paid at Washington, D.C., and 
additional mailing office. Annual subscriptions; $8.50; foreign postage, $1.50; Canadian postage, 75¢. 


standing. He has added some 60 new or improved illustra- 
tions and revised nomenclature to conform to the N.A. 
of 1955. Discussions of difficult anatomical-functional rela- 
tionships have been greatly expanded for clarity. 


7 W. Henry HOoLiinsHeapd, Ph.D., Head of the Section of Anatomy, 
ayo Clinic, Rochester; Professor of Anatomy, Mayo Foundation, 
University of Minnesota. 403 pages, with 159 illustrations. 

New (2nd) Edition—Just Ready! 
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The Perkin-Elmer Model 154-C Vapor Fractometer 

















“RESPIRATORY GAS ANALYSIS DEMONSTRATES 
CLINICAL VERSATILITY OF MODEL 154-C 


Perkin-Elmer’ Vapor Fractometer Readily Separates Nitrogen, Oxygen, Carbon Dioxide 





Use of the parallel column technique, developed by 
Perkin-Elmer, allows gas chromatographic analysis of mix- 
tures containing carbon dioxide, nitrogen and oxygen—in a 
matter of minutes. Previously, single-column separation of 
nitrogen and oxygen irreversibly absorbed carbon dioxide, 
making two separate analyses necessary. The fractogram 
above, from a Perkin-Elmer Model 154-C Vapor Fractom- 
eter, shows the useful application of parallel columns to 
qualitative and quantitative analysis of anesthesia gases. 
Such examples are just part of the wide applicability of 


See the full line of Perkin-Elmer instruments and acces- 
sories at the Pittsburgh Conference, Feb. 29 to March 4, 
1960. 
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gas chromatography to biological and medical problems. 
Perkin-Elmer Model 154-C Vapor Fractometers are being 
used with outstanding success in the analysis of blood gases, 
and at the top of the GC temperature scale for the separation 
of high-boiling methyl esters of fatty acids. 

To find out more about the versatility of the Model 154-C 
Vapor Fractometer and its application to your analytical 
work, write us for a new and definitive bibliography of gas 
chromatography in the medical field. Address us at 910 Main 
Avenue, Norwalk, Conn. 


IONS TRAM E IN te aio ALS Ou 


Perkin-Elmer Cxprrition. 


NORWALK, 


CON NE Ct Ce UT 
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Army Drops the Ball 


The Space Environment: H. E. Newell, Jr. . 


As man looks forward to flight into space, he finds the outer regions not 
completely unknown. 


The Social Responsibilities of Scientists: B. Russell 


A scientist can no longer shirk responsibility for the use society makes 
of his discoveries. 


Molecular Heterogeneity and Evolution of Enzymes: N. O. Kaplan et al. ........... 


Coenzyme analogs are useful for studying the evolution, classification, 
and differentiation of enzymes. 


L. V. Heilbrunn, General Physiologist: H. B. Steinbach 


Academy Mission to Asia Will Study Scientific Ca Facilities for Mie go 
Study on Oceanographic Research Vessel 


Lewis Henry Morgan: the Indian Journals, 1859-62, reviewed by W. N. Fenton; 
other reviews 


Transmembrane Potential Measurements of Cells of Higher Plants as Related 
to Salt Uptake: B. Etherton and N. Higinbotham 


Characteristics of Blood-Brain Barrier to Gamma-Aminobutyric Acid in 
Neonatal Cat: D. P..Purpura-ond.M. W. Carmichael)... 055 oo hres 


Effects of Veratrine and Cocaine on Cerebral Carbohydrate-Amino Acid 
Interrelations: M. M. Kini and J. H. Quastel SSeS aNd 


Liquid Scintillation Counting of Aqueous Solutions of Carbon-14 and 
Tritium: J. Shapira and W. H. Perkins .. 


Sensitive 47 Detector for Scanning Radiochromatograms: L. L. Salomon ............ 
Luminosity Losses in Deuteranopes: C. H. Graham and Y. Hsia; G. G. Heath ....... 


Site and Mechanism of Tick Paralysis: M. F. Murnaghan ....... 


In vitro Culture of Ehrlich Ascites Tumor Cells: E. E. Deschner and B. R. Allen .... 


Acyl N — O Shift in Poly-pi-Serine: G. D. Fasman ... 0.0.0.6 ccc cecececseseus 


betters trom B, Dibner: VRE Massaro... Ce aa ah SR eee 


High Polymers; Forthcoming Events; New Products ................ 0. ccc eeceees 


The upper first and second molar teeth of the type specimen of a fossil horse Asinus pons 
Quinn from the early Pleistocene Comosi fauna in the San Rafael Valley, southern 
Arizona. The specimen, which still retained the milk teeth, was sliced on a rock saw 
to show the enamel pattern about 30 mm below the crown of the unerupted molars. 
The crenulations are caused by the intricate folding of the enamel which was inked to 
bring out detail. The nearly enclosed loop near the margin of each tooth is the protocone, 
which is one of the diagnostic characters for aig cog i fossil horses. Each tooth is about 
25 mm in anterior-posterior diameter. [Photo by J. F. Lance, Geochronology Labora- 
tories, University of Arizona] 
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Chroma-pure fractions 100 times larger.,.vastly superior infrared spectra...with the new Beckman 
Megachrom* preparative gas chromatograph** and the IR-4 Infrared Spectrophotometer, % The 
Megachrom instrument separates ultra-pure fractions in quantities not possible with standard 
chromatographs. This allows the analyst to use a single ultra-pure fraction for many different 
studies. The quality of the fractions—up to 99.9999% pure — changes concepts of infrared spectra. This 


permits heretofore impossible analyses of one’s own or competitive products. % You can apply to 
these Megachrom-pure fractions all the advantages of the double-beam, double monochromator 
IR-4: unmatched resolution at a given scanning speed...unmatched scanning speed at a given reso- 


lution...unsurpassed photometric accuracy...unmeasurable stray light interference...and a complete 


line of accessories for versatility of use. % Beckman also offers the GC-1 Gas Chromatograph for 
routine applications...the GC-2 for research as well as quality control...the low-cost, double-beam 


IR-5 Infrared Spectrophotometer for routine use...the prism-grating, double-beam IR-7 for 
research. For more information write for Data File 38-7-04. 


Beckman: 
Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 


2500 Fullerton Road, Fullerton, California 
* TRADEMARK OF BECKMAN INSTRUMENTS, INC. ** PATENTS APPLIED FOR 


INSTRUMENT. MEGACHROM 
COLUMN: FOUR 12 FT. APIEZON ‘s 
CARRIER GAS: HELIUM 
FILAMENT CURRENT: 300 MA. 
INLET PRESSURE 15@ 

TLET PRESSURE: 29 
INLET TEMPERATURE 165°C 
COLUMN TEMPERATURE 128°C 
DETECTOR TEMPERATURE 195°C 
CHART SPEED. 0.5 IN/MIN. 
SAMPLE 5.0 ML ETHYLBENZENE 


ss Ce) 7s 7m «0 23 20 3 ue . 
TIME IN MINUTES 
Chromatogram of 5.0 ml. of commercial 99% ethylbenzene fractionated on 
Megachrom. (Megachrom can handle as much as 20 ml ) Note resolution of 
contaminants which total only 1% of injected sample. 
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Infrared spectra of Megachrom-pure ethylbenzene (upper curve) and unpuri- 
fied commercial ethylbenzene (lower curve). Impurity bands are circled. 
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Infrared spectrum of 0.1 microliters of oc-methyl benzyl alcohol, a contaminant 
collected by Megachrom. With ordinary chromatograph, collection of this quan- 
tity of fraction for infrared or other analysis would be tedious or impossible. 





A new 
achievement for 
STEREOMICROSCOPY 


The WILD* M5 STEREOMICROSCOPE 
presents, new, important advances 
in versatility, optics, mechanical con- 
veniences and physical design. 


This Swiss precision instrument is 
equipped with a main objective com- 
ponent followed by pairs of vertically 
mounted intermediate lenses with 
parallel axes. The result is increased, 
uniform sharpness throughout the 
field, with no need for any change in 
FTooelssteneler-bece lam 


With a constant working diStance of 
bo] Mattes meme) e-laler-laeMuar-F-4alhiler-halela lowe ac) 
6X, 12X, 25X and 50X, conveniently 
PY <i [-Teic-le Molar: Malelardelale-] elaine 


Accessories include a base for trans- 
ariaccteMit-delaelest-lar-belelamm er TaleleiM ited ay 
sources, photographic and measuring 
Ehac:lolpleil-libe-mue. Winall coallircautcct:) Mm alelele 
is provided for easy storage and 
elelacleliiig a 


For full details about this years- 
ahead stereomicroscope, write for 
Booklet M5. 


The FIRST name in Surveying Instruments, 
Photogrammetric Equipment and Microscopes 


WILD 


Main at Covert Street @ Port Washington, New York 
POrt Washington 7-4843 
In Canada 
Wild of Canada Ltd., 157 Maclaren St., Ottawa, Ontario 








Letters 


Leonardo da Vinci, Man of Science 


The objection of I. Webb Surratt to 
the inclusion of Leonardo da Vinci 
among the “Immortals of Science” [Sci- 
ence 130, 1435 (1959)] deserves little 
support. The choice for the University 
of Bridgeport was made by nearly 1200 
college and university presidents, editors 
of science periodicals, science editors of 
the world’s great newspapers, and pro- 
fessors of science at scores of univer- 
sities. In number of votes, Leonardo 
ranked 13th among the 25 immortals 
chosen. 

In every category of science, from 
aeronautics and anatomy down to 
zoology, the first modern presentation 
is often ascribed to Leonardo. The uni- 
versality of his genius is construed by 
Surratt as a weakness in his not having 
thoroughly worked any single field. His 
failure to publish kept him from win- 
ning earlier recognition, but is this a 
reason for detracting from his scientific 
contributions? Sarton, to whom Surratt 
points as one holding Leonardo in lesser 
esteem, saw fit to treat Leonardo as one 
of the great in his Six Wings of Science 
in the Renaissance. In this critical study 
he states (p. 174), “I shall speak only 
of two of them, the greatest of all, the 
Italian Leonardo da Vinci and the 
Fleming Andreas Vesalius. Leonardo 
was the real pioneer, for his anatomical 
investigations were already begun before 
the end of the fifteenth century, while 
those of Vesalius culminated in 1543.” 
Sarton, most penetrating of all historians 
of science, says further (p. 229), “Leo- 
nardo was one of the greatest men of 
science in history, but the world which 
admired him as an artist did not discover 
the man of science until many centuries 
after his death.” 

Surratt suggests that the selection of 
Leonardo is “an example of the blind 
following of tradition.” But it is not a 
matter of tradition; Sarton states (p. 
219), “It is pleasant to end with one of 
the immortals. Leonardo is alive today 
as he ever was.” It shows that modern 
science is catching up with Leonardo’s 
thoughts, and thus it in part compen- 
sates for 400 years of neglect. Leonar- 
do’s first published work appeared 132 
years after his death. A commentary on 
Leonardo’s work in science was first 
published by Venturi in 1797, and 
translations of his more detailed scien- 
tific studies were first made by Richter 
in 1882. 

The six magnificent folio volumes 
published in Oslo in 1911-16 first re- 
vealed the full scope of Leonardo’s 
work in anatomy. These volumes were 
followed by a book by McMurrich, 
sponsored by the Carnegie Institute of 





Washington, which shed further light on 
Leonardo’s work in anatomy. 

More recently, O'Malley and Saun- 
ders published Leonardo the Anatomist, 
a quarto of 506 pages. Is it any wonder 
that Castiglioni in his A History of 
Medicine was impelled to repeat that 
Leonardo’s was “the grandest effort ever 
made by any man to explore and in- 
terpret the universe”? Duhem, physicist 
and mathematician, saw fit to devote a 
three-volume study to Leonardo. Pledge, 
in his Science since 1500, a standard 
reference book in the history of science, 
chose Leonardo’s self-portrait as the 
frontispiece. Finally, Massachusetts In- 
stitute of Technology engraved the name 
of Leonardo da Vinci, along with those 
of Newton, Darwin, Pasteur, and 
Copernicus, on its entrance towers, as 
men fit to be honored among the im- 
mortals of science. 

BERN DIBNER 
Wilton, Connecticut 


Names for the Sun and Moon 


We, the members of the Future Sci- 
entists of America Science Club, have 
discussed naming the earth’s sun and 
moon. We decided to work on this prob- 
lem for the following reasons. (i) There 
is no universally established name for 
our sun. Literature of various kinds in- 
forms us that the Greeks, Romans, 
Egyptians, and others assigned names to 
the sun. The moon is also unnamed, but 
it has generally been referred to as our 
lunar body. This must be clarified. (ii) 
Heavenly bodies billions of miles away 
are specifically named, but these two 
masses in our own system are not. In 
this space age these bodies should be 
referred to by name, not as “our sun” 
or “our moon.” Astronomers have 
named the 12 moons of Jupiter but not 
the Earth’s moon. 

We have reached the following con- 
clusions. (i) Sol should be used as the 
name of our sun. This word is from the 
Latin and will apply very well, for our 
system is called the solar system. In the 
future, other systems should be called 
sun or star systems, not solar systems. 
(ii) The name of the earth’s moon 
should be Luna. To assign any other 
name would be contrary to the weight 
of the available reference material. 

The members of our science club 
would like to emphasize the importance 
of adhering to these established names. 
People throughout the world would no 
longer have only a vague notion of the 
names of the bodies investigated. We 
would like to see Sol and Luna used 
universally. 

VINCENT M. MaAssARO 
Future Scientists of America 
Science Club, Roy W. Brown Junior 
High School, Bergenfield, New Jersey 
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ANOTHER EXAMPLE OF THE EXPANDING KIMBLE LINE 


TEFLON is a registered trade-mark 
of E. I. duPont & Co., Inc. 









*Stopcock #41004F above manufactured under FISCHER & PORTER 


Patent No. 2,876,985. 





Simplicity of design makes Kimble Stopcocks with 


TEFLON® Plugs easy to use, maintain and clean 


New Kimble Stopcocks with TEFLon 

plugs are superior because: 

1. Plugs consist of only three parts 

2. All three parts are made of self- 
lubricating, chemically inert 
TEFLON 

therefore Kimble apparatus 
and TEFLON plugs... 

¢ can be autoclaved 

¢ can be cleaned in acids, alkalis or 
organics, hot or cold 

¢ will not corrode—there are no metal 
parts 

¢ can be positively controlled and 
adjusted—you don’t rely on the 
whim of a spring 


¢ won't bind or leak—accomplished 
by exaggerated 1:5 taper of plugs 
in polished glass barrels 

* won't freeze because TEFLON is 
chemically inert 


And, threads are exceptionally heavy 
and coarse to eliminate stripping. 





Your dealer has stocks of new Kimble 
apparatus with TEFLON plugs. They 
are also listed in the new Kimble 
Catalog Supplement SP-57. For your 
free copy, write to Kimble Glass Com- 
pany, subsidiary of Owens-Illinois, 
Toledo 1, Ohio. 


KIMBLE LABORATORY GLASSWARE 
an (J) PRODUCT 


12 FEBRUARY 1960 








“New addition" 


Now! Kimble adds plugs with metering valve 
to its TEFLON line. They provide ultra-precise 
control. Construction is simple for ease of clean- 
ing and use. Available as plug replacement 
(Catalog #41575F) or in straight bore stopcock 
#41002F or capillary stopcock #41007F. 


Owens-ILLINOIS 


GENERAL OFFICES + TOLEDO 1, OHIO 
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One of a series 


On the riddle of rolling friction 


It doesn’t take much to roll a hard ball across a hard, 
smooth, level surface — actually only about 0.00001 times the 
normal force acting vertically on the ball. But by careful 
measurement of this tiny rolling force, scientists at 

the General Motors Research Laboratories 


are helping to unravel the riddle of rolling friction. 


An important relationship recently uncovered 

in this fundamental study: the rolling force is proportional 

to the volume of material that is stressed above 

a certain level. As a result, a GM Research group have not only 
confirmed the hypothesis of how a rolling ball loses energy 

(Answer: elastic hysteresis) but also have learned where 

this lost energy is dissipated (Answer: in the interior of the materia 
not on the surface). Mathematical analyses have indicated 

the exact shape of the elastically stressed volume 


in which all the significant frictional loss takes place. 


The purpose of friction research at the GM Research Laboratories 
is to learn more about the elastic and inelastic behavior 

of materials. This knowledge — of academic interest now — will 
eventually give GM engineers greater control of energy lost through 
friction. This is but one more example of how General Motors 


lives up to its promise of “More and better things for more people.” 
$ I 


General Motors Research Laboratories 
Warren, Michigan 
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SCIENCE 


Army Drops the Ball 


From earliest times man has sought to escape from the cycle of the 
fat and the lean years by storing food. Grains are readily stored without 
special treatment, but leafy vegetables and meats must be preserved from 
attack by decay organisms. All of the methods in use until recently—dry- 
ing, salting, pickling, smoking, and canning—change to some degree the 
appearance, flavor, and texture of the foods. 

The goal of storing foods in an essentially fresh condition for indefinite 
periods has only been attained in this generation, through quick-freeze 
techniques and storage at temperatures sufficiently low to prevent multi- 
plication of decay organisms and inhibit enzyme activity. But this method 
can only function in societies that can afford the refrigeration equipment 
and the power supplies to keep it in operation. 

More than ten years ago atomic energy seemed to offer an alternative 
mode of food preservation. In principle, the method is simple and straight- 
forward: irradiation in sufficiently high doses will kill all decay organisms. 
Thus, if food is properly packaged during irradiation it will be completely 
sterilized and no decay will occur even without refrigeration. In practice, 
some difficulties are encountered: some irradiated foods develop unpalat- 
able flavors or undergo changes in appearance; the dosages used for 
sterilization do not destroy the enzymes in the food, and consequently 
gradual changes occur at ordinary temperatures. But preservation by ir- 
radiation would, if successful, make it possible to store and ship essentially 
fresh foods without refrigeration, and it was this promise that led the 
Quartermaster Corps of the Army to start a research program in 1951. 
By 1954 the results seemed to justify an accelerated attack. The Depart- 
ment of Defense worked out an agreement with the Atomic Energy Com- 
mission for all research in food irradiation to be carried out by the Army. 
The main sources of radiation, then and since, were spent fuel elements 
from reactors; hence, the sources were variable, and precise conditions 
of irradiation were not reproducible. 

By 1955 enough progress had been made for the Army to lay plans 
for the construction of an Army Ionizing Radiation Center at Stockton, 
California. This installation was to provide a cobalt-60 source for gamma 
rays and a linear accelerator for electrons. It was to be both a research 
laboratory and a pilot plant capable of sterilizing several tons of food per 
day. The program has so far cost more than $14 million, of which about 
$1.7 million was spent for test borings and for design and engineering 
studies for the proposed $7.5 million radiation center. 

On the recommendation of Richard S. Morse, Director of Research 
and Development, the Army indefinitely suspended the program on 22 
October 1959. At hearings held last month by the Joint Congressional 
Committee on Atomic Energy, Morse testified that the suspension was 
in order because the Army had no urgent need for irradiated food, ir- 
radiation had not been shown to offer substantial economic advantages 
over methods now in use, and additional research was needed before ir- 
radiated food could be proved suitable for long-term human consumption. 
On all these points except the last there was contrary testimony. Most of 
those who testified agreed that further research was needed but felt that 
the outlook was so bright that an intensive effort was justified. 

Should this country abandon all effort to perfect so promising a method 
of food preservation? Perfection of the method, by making high-quality 
proteins readily available in underdeveloped areas, would be a long step 
forward in the Atoms-for-Peace program. In our opinion, the Atomic 
Energy Commission should move to recover the Army fumble.—G.DuS. 
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CURRENT PROBLEMS IN RESEARCH 





The Space Environment 


As man looks forward to flight into space, he 
finds the outer regions not completely unknown. 


Man will go out into space. The 
powerful modern rocket provides the 
means for achieving the age-old dream 
of leaving the earth. Already the first 
space pioneer is being trained for that 
first trip. It is reasonable, therefore, to 
ask what man will encounter out in 
space, and to take stock of what we 
already know about the space environ- 
ment. 

There are two aspects of the environ- 
ment of space to consider: first, the 
natural environment of the earth’s 
outer atmosphere and space; and sec- 
ond, the environmental conditions pe- 
culiar to flight through space. 


The Earth’s Environs 


Extent of the earth’s atmosphere. In 
considering outer space and space flight, 
it is natural to inquire how far the 
earth’s atmosphere extends—that is, 
where does outer space actually begin? 
This is not as simple a question as it 
might at first seem. There are so many 
different approaches to it, and so many 
reasonable answers to it, that no single 
answer can be given. If one uses the 
term atmosphere strictly in the sense 
of its original meaning—namely, 
“breathsphere”—and says that the at- 
mosphere ends at the altitude at which 
man can no longer obtain adequate 
breath, then the atmosphere ends at 
an altitude of about 6 kilometers above 
the earth’s surface. Yet this is hardly 
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an acceptable definition, since there is 
weather activity at altitudes as high as 
20 kilometers, and one certainly thinks 
of the atmosphere as extending at least 
as far out as the earth’s weather. 
Taking a different approach, it might 
be possible to fix the extent of the 
earth’s atmosphere in terms of the to- 
tal amount of gas above a given alti- 
tude as compared to the total amount 
below. Thus, 90 percent of the atmos- 
pheric gases lie below an altitude of 
16 kilometers (10 miles) and 99 per- 
cent lie below 30 kilometers (20 
miles). Perhaps, then, one might say 
that outer space begins at about 30 
kilometers. All but one one-millionth 
of the total amount of atmospheric gas 
lies below 100 kilometers, so that this 
again might be a convenient altitude 
to take as the beginning of outer space. 
Still another approach to the ques- 
tion is to suggest that the atmosphere 
ends when it is no longer capable of 
sustaining aerodynamic vehicles in 
flight. The difficulty with this approach, 
however, is that it is not specific, since 
the height at which the atmosphere can 
support a vehicle depends upon the 
vehicle’s characteristics, particularly its 
speed of flight. A variant of this ap- 
proach might be to consider that outer 
space begins at that level below which 
an artificial earth satellite cannot be 
established in a circular orbit, due to 
the drag of the earth’s atmosphere. This 
height turns out to be 160 kilometers 
(to within 10 km), and this is prob- 
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ably a more reasonable criterion to 
adopt than any of the others. 

Even this last definition, however, 
has its drawbacks, for it excludes a 
large portion of the earth’s ionosphere, 
which consists of ionized particles high 
above the earth. It is known that the 
ionosphere extends from 60 or 70 
kilometers out to many thousands of 
kilometers above the earth. Thus, if 
the outermost edges of the ionosphere 
are taken as the threshold to outer 
space, this would place the beginning 
of space at an altitude on the order of 
one earth’s radius above the ground. 

Composition of the earth’s atmos- 
phere. Up to an altitude of about 80 
kilometers, the composition of the 
earth’s atmosphere is essentially the 
same as it is at sea level (Ne, 78 per- 
cent; Oz, 21 percent). However, water 
vapor, which is so prominent at sea 
level, is present in at most very small 
quantities in the upper atmosphere. Due 
to the action of ultraviolet light from 
the sun, ozone forms in the strato- 
sphere, but its maximum concentration, 
which occurs at about 30 kilometers, 
is not greater than 10 parts per million. 
Thorough mixing of the atmospheric 
gases appears to occur up to 100 kilo- 
meters. 

Above 80 kilometers the action of 
ultraviolet and x-radiations from the sun 
causes the formation of numerous ions 
and the dissociation of oxygen into 
atomic form. The lighter O atoms rise 
above the heavy Ne molecules, and 
above 120 kilometers there is more O 
than N:. Above 150 kilometers most 
of the atmospheric oxygen is in atomic 
form. 

Above an altitude of 190 kilometers 
mixing appears to be no longer effec- 
tive, and diffusive separation takes 
place. This has been shown experimen- 
tally with regard to the separation of 
argon from the remaining atmospheric 
gases. Tt may be expected, therefore, 


The author is deputy director of space flight 
programs, National Aeronautics and Space Ad- 
ministration, Washington, D.C. This article is 
adapted from a paper presented at a symposium 
of the American Psychological Association, 
8 September 1959. 
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that in the outermost reaches of the 
atmosphere, hydrogen and helium pre- 
dominate. 

Pressure and density. Both the pres- 
sure and density of the earth’s atmos- 
phere fall off exponentially with in- 
creasing altitude. There is a convenient 
mnemonic that one can use to estimate 
the pressure or density at a specified 


altitude: the pressure or density is di- 
vided by 10 for roughly every 10-mile 
(16-kilometer) increase in altitude. The 
rule holds good up to about 110 kilo- 
meters. At higher altitudes the rate of 
decrease of pressure and density is ap- 
preciably lower than at the lower alti- 
tudes. By the time one reaches 300 
kilometers, the pressure and density 
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have fallen about 10™ times the value 
at sea level. 

The variation of density with alti- 
tudes is shown by the curves in Fig. 1, 
which were obtained from rocket and 
satellite measurements. The spread in 
the data shows the considerable amount 
of variation in density with geographic 
position, season, and time of day. 

The mean free path of air molecules 
at an altitude of 100 kilometers is about 
10 centimeters. Above 220 kilometers, 
however, the mean free path must be 
measured in kilometers. 

The density of molecular and atomic 
particles in outer space has not yet 
been measured. On the basis of theo- 
retical considerations of the sun’s co- 
rona, however, some conclude that the 
density just outside the earth’s atmos- 
phere may be 1000 particles per cubic 
centimeter. This is to be compared 
with the total of 10” molecules per 
cubic centimeter in the atmosphere at 
sea level. 

Temperature. In speaking of the tem- 
perature of the gases and particles in 
the earth’s upper atmosphere and outer 
space I mean specifically the average 
kinetic energy per particle. In the lower 
atmosphere this is also equivalent to 
the equilibrium temperature that can 
be established between the atmospheric 
gases and an ordinary thermometer, 
but in the outermost atmosphere and 
space this equivalence no longer holds. 

The temperature of the earth’s up- 
per atmosphere is shown in Fig. 2 as 
a function of height above sea level. 
Between 30 and 150 kilometers there 
are only small variations between day- 
time and nighttime temperatures. Above 
200 kilometers, rather large diurnal 
variations occur. 

The temperature of atmospheric 
gases in the very high atmosphere has, 
however, very little effect on the heat- 
ing of objects such as satellites and 
space craft traversing those regions. 
This is due to the fact that the atmos- 
pheric density is so small. Because of 
the low atmospheric density, radiations 
from the sun and the earth, and radia- 
tion from the object to outer space, 
predominate in controlling the tempera- 
ture of the object. 

Beyond the atmosphere, in the re- 
gions of space around the earth, it is 
believed that the particles of the sun’s 
corona have a temperature of about 
10° degrees. Here again, however, the 
particle density is so low (about 10° 
per cubic centimeter) that radiation 
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exerts the greater control on the tem- 
perature of satellites or space stations. 

Ionosphere. The earth’s ionosphere 
is that portion of the upper atmosphere 
which is electrified, primariiy by elec- 
tromagnetic radiations from the sun. 
The concentration of electrons in the 
upper atmosphere is shown in the curve 
of Fig. 3, prepared by J. E. Jackson 
of the National Aeronautics and Space 
Administration’s Goddard Space Flight 
Center. The plot presents conditions 
for summer noon at middle latitudes 
during a sunspot maximum. The elec- 
tron densities vary with geographic 
latitude and phase of the sunspot cycle. 
At the equator the maximum of the 
curve would be about 100 kilometers 
higher, while at a time of sunspot 
minimum, the maximum intensity 
would be lower by a factor of 10. 
Note that the scale in the curve is 
logarithmic, and that appreciable elec- 


tron densities extend out to many 
thousands of kilometers above the 
earth. 


In addition, the ionosphere contains 
heavy ions in numbers roughly equiv- 
alent to the number of electrons. For 
example, above Fort Churchill, Canada, 
it was found that as altitude increases 
from 100 to 150 to 200 kilometers, the 
order of relative abundance of positive 
ions during the daytime changes 
from (O:*, NO*) to (NO*, O:*, O*) to 
(Ot, NO*, O2*). These observations 
have been supported by Soviet rocket 
and satellite observations, which indi- 
cate that the principal positive ion in 
the region from 250 to 950 kilometers 
is atomic oxygen, O*. 

The principal effects that the iono- 
sphere may be expected to have upon 
satellites and space vehicles are the 
charging of those vehicles; the effects 
on radio communications to and from 
the vehicles; and the increased drags 
created by the charging effects. 

Magnetic fields. The main magnetic 
field of the earth is that of a dipole 
with the axis inclined at an angle of 
about 11.5 degrees to the axis of rota- 
tion of the earth. The principal effect 
of the earth’s magnetic field, as far as 
space travel is concerned, is the 
trapping of charged particles to form 
the radiation belt about the earth. In 
the regions of outer space there are 
probably moving clouds of charged 
particles carrying with them trapped 
magnetic fields. When such clouds im- 
pinge upon the earth’s magnetic field, 
they probably distort the earth’s field, 
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producing the magnetic storms and the 
accompanying interference to radio 
communications which are observed at 
the surface of the earth. 

Radiation belt. On 1 May 1958, J. A. 
Van Allen and his colleagues an- 
nounced the discovery of a belt of 
radiation surrounding the earth. This 
discovery was made by means of the 
first Explorer satellite. Since then the 
radiation belt has been investigated 
further by means of later Explorer 
satellites and the Pioneer probes (Fig. 
4), and by the U.S.S.R. with their satel- 
lites and space probe. 

It appears that the radiation belt 
consists of at least two separate zones, 
as shown in Fig. 5. The particles in the 
belt carry energies of from approxi- 
mately 20 thousand electron volts to 
several million electron volts or more. 
It has been determined that the par- 
ticles occur in appreciable quantities at 
altitudes above 300 kilometers in north- 
ern latitudes and above 1000 kilometers 
over the equator. Their maximum 
density is about 1 particle per cubic 
centimeter. The maximum intensity of 
the inner zone occurs at an altitude of 
4000 kilometers; that of the outer zone, 
at 16,000 kilometers. The outer zone ex- 
tends out into space to a distance of 
about 55,000 kilometers. The extent 
of the outer zone, however, has been 
shown to vary markedly with activity 
in the sun. 


It is probable that by far the greater 
portion of the particles are electrons, 
the remainder being protons. The more 
energetic particles in the inner belt 
have been identified as protons. 

Particles from the radiation belt are 
now presumed to be the in.mediate 
cause of the earth’s aurora. It is also 
thought that these particles coming 
into the auroral regions provide the 
energy that accounts for higher upper- 
air temperatures in the northern lati- 
tudes. 

The radiation trapped in the Van 
Allen radiation belt may be a serious 
radiological hazard to the crews of 
future space craft or space stations. 
There is not yet available enough de- 
tail on -the particles to provide a full 
answer to the question of how great 
this hazard is. The data presently at 
hand indicate that exposure levels 
would be in the range from 2 to 50 
roentgens per person in the case of a 
rocket flying directly through the radia- 
tion belt to outer space. These radiation 
levels are well below the lethal dosage 
for human beings and may be further 
reduced by appropriate shielding. More- 
over, it may be possible to launch a 
craft into outer space through the fun- 
nel-shaped region around the magnetic 
poles, thereby avoiding passage through 
the radiation belt. This cannot, how- 
ever, be done in the case of orbiting 
satellite stations; if these are too high, 
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they will continually enter and leave 
the radiation belt. In this case, the 
accumulated exposure might well be- 
come so great as to prohibit the use of 
the station. Thus, it may be necessary 
for manned satellites, at least the early 
ones, to be placed in orbits around the 
equatorial belt and to remain at rela- 
tively low altitudes—say, below 600 
kilometers. It should be noted, however, 


that Winckler and his co-workers, in 
recent balloon flights, detected heavy 
fluxes of protons of 100-million-volt 


energy at low altitudes at the time of 
a major solar flare. It appears that the 
radiological hazard in space flight may 
be serious for limited periods during 
times of unusual solar activity. 
Cosmic rays. Pervading the regions 
of outer space is the cosmic radiation, 





Fig. 4. Pioneer IV prior to Jaunching. 
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which consists of the nuclei of protons, 
alpha particles, and heavier elements 
up to, at least, iron. The composition 
appears to be roughly as follows: 85 
percent protons, 14 percent alpha par- 
ticles, and 1 percent heavier nuclei. 
The total intensity in space at a dis- 
tance from the earth such that the 
earth itself provides little shielding is 
about 3.6 + 0.8 particles per square 
centimeter per second from all direc- 
tions. Close to the earth this intensity 
is divided by 2. Also, in the vicinity of 
the earth an additional component is 
introduced by backscatter of secondary 
radiation produced through collisions 
of primary cosmic rays with air mole- 
cules. Within the earth’s atmosphere 
the primary radiation interacting with 
the molecules of the air generates sec- 
ondary particles. Below 40 kilometers 
the total intensity of cosmic radiation 
begins to increase because of the pro- 
duction of secondary radiation, reach- 
ing a maximum total intensity at what 
is called the Pfotzer maximum at an 
altitude of 
Pfotzer maximum the total intensity 
decreases but the numbers of primary 
rays are very small relative to the to- 
tal intensity. The cosmic rays show 
some variation with solar activity, par- 
ticularly in the lower energies. 

The primary hazard which would 
be presented by cosmic rays to per- 
sonnel in space craft or orbiting sta- 
tions is probably to be found in the 
possibility of a destructive hit in a 
particularly sensitive region—for ex- 
ample, in the retina of the eye. 

Meteors. The skin of a space vehicle, 
unprotected by the earth’s atmosphere, 
is subjected to the action of meteor- 
itic particles. The effects of these par- 
ticles is either to cause punctures or to 
erode the surface by gouging out a cra- 
ter. The range of possible damage to the 
space vehicle is broad, since meteoroids 
may consist of only a few molecules 
or may be large enough to destroy the 
entire vehicle. Punctures are significant 
in manned space flight, since pressure 
levels must be maintained in the cabin 
of the vehicle. 

Information about the rate of im- 
pact of meteoroids has been obtained 
from measurements of meteors by 
optical methods and radar. Direct meas- 
urements of micrometeorites have been 
made with microphones and abrasion 
detectors on rockets and satellites. The 
total amount of data so far obtained 
through direct measurement is quite 
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Fig. 5. Schematic representation of the great radiation belts. 


small, but more data should be ob- 
tained from a micrometeorite detector 
presently in operation on the Explorer 
VI satellite. 

Although at this time no direct 
measurements have been obtained to 
indicate the risk to space vehicles from 
the impact of meteoroids, estimates of 
this risk have been made. Damage 
from the impact of solid particles at 
meteor velocities of about 100,000 
kilometers an hour has not been meas- 
ured directly, but present estimates in- 
dicate that a surface of aluminum 1 
centimeter thick would be punctured 
by a meteoroid with a mass of 0.001 
gram. A spherical space ship 3 meters 
in diameter might be punctured in this 
way about once a year. Data from 
the micrometeorite experiment in Ex- 
plorer I indicate that particles of 10°- 
gram mass and larger would hit the 
space ship at a rate of one every 10 
seconds. The pilots of the space ship 
may actually hear the meteoroids strik- 
ing the ship. These audible meteor 
pings would occur on a random basis 
at an estimated rate of about one per 
day. During a shower this rate may 
increase by a factor of 100. 

Electromagnetic radiations. The elec- 
tromagnetic radiations encountered in 
the earth’s outer atmosphere and the 
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space beyond are primarily solar. The 
total energy brought in by this solar 
radiation amounts to about 2 calories 
per square centimeter per minute, or 
0.14 watt per square centimeter per 
second. This radiation is mostly in the 
visible wavelengths. However, the total 
radiation intensity in the ultraviolet 
between 2000 and 4000 angstrom units 
amounts to about 0.01 watt per square 
centimeter, while in the neighborhood 
of the Lyman alpha line at 1216 ang- 
strom units, the total intensity is about 
6 X 10° watt per square centimeter. 
Intensities in the soft x-ray wavelengths 
of 10° watt per square centimeter 
have been observed. This radiation 
extends into the harder wavelengths at 
the time of marked solar flares. The 
amount of gamma radiation appears to 
be negligibly small, as far as its possible 
effect on space craft and the occupants 
of space craft is concerned. 

For a satellite or space craft operat- 
ing in the vicinity of the earth, the earth 
itself will also be a source of radiation. 
Much of the earth’s radiation will be 
in the infrared, and it will amount to 
0.06 watt per square centimeter on the 
average. In addition, the earth reflects 
incoming solar radiation with an al- 
bedo of 0.4. At night the airglow and 
the auroras will be visible. The total 


radiation in the airglow in the visible 
and ultraviolet spectra amounts to 
about 5 times the radiation of starlight; 
the radiation in the airglow in the 
infrared is greater by several orders of 
magnitude. That in the auroras may be 
1000 times more intense, but it is 
localized in the northern and southern 
auroral regions. 


Space Flight Environment 


In addition to the natural environ- 
ment that man will encounter in the 
upper atmosphere and outer space, 
there will be the environment of his 
vehicle. Within that vehicle it will be 
necessary to create livable conditions. 
To do this, it will be natural to make 
those conditions as nearly like condi- 
tions on the earth as possible. From 
an engineering point of view, however, 
many compromises may have to be 
made. In addition, there are certain 
aspects of space flight that will be nec- 
essarily different from conditions on 
the earth. 

Accelerations. The accelerations ex- 
perienced during the launching of a 
space craft from the surface of the 
earth may be tailored to the tolerances 
of the personnel. Thus it becomes nec- 
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essary for the medical people to pre- 
scribe those tolerances. The more 
stringent the prescribed acceleration 
limits, the more difficult the engineer- 
ing of the launching vehicle; thus, from 
the engineer’s point of view it is desir- 
able to set the limit as high as possible. 
In the case of the unmanned flights 
that are being conducted at present, 
accelerations vary from less than lg 
at takeoff to as much as 50g during the 
final rocket stage. 

In the return to earth from a flight 
in outer space, very high accelerations 
will be experienced unless an appro- 
priately designed trajectory is followed. 
For a space craft plunging directly 
toward the earth, the decelerations 
could amount to as much as 100g. By 
varying the angle of approach and the 
rate of descent, these decelerations can 
be reduced, for example, to 8g for a 
2-degree angle of descent. Also, by the 
use of appropriate braking rockets, 
these decelerations can be reduced to 
acceptable values. 

In the case of a vehicle coasting in 
outer space the palpable effects of 
gravity are removed, and the occupants 
find themselves in a weightless condi- 
tion. If it is desirable to remove this 
condition of weightlessness, that can 
be done by introducing an artificial 
gravity by rotating the vehicle. Figure 
6 shows the number of g’s obtained 
by rotating the vehicle at a specified 
angular velocity, given as a function 
of radial distance from the axis of ro- 
tation. 

Heating. A space craft will be sub- 
jected to aerodynamic heating during 
the launching phases and during its re- 
turn to earth through the lower atmos- 
phere. Since the launching velocities 
will be considerably smaller than the 
return velocity, the heating during the 
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return stage will be considerably great- 
er. From an engineering point of view 
there is no great difficulty involved in 
protecting the occupants of a space 
craft from the aerodynamic heating 
that occurs during the launching. On 
the return phase, however, skin tem- 
peratures of the vehicle will rise to 
many thousands of degrees centigrade, 
and it will become necessary, through 
the use of heat shields and heat sinks, 
oblation techniques, and judicious use 
of the radiation of excess heat, to pre- 
vent the occupied cabin from becom- 
ing excessively hot. Although this pre- 
sents some difficult engineering prob- 
lems, it probably can be done. 

Any craft in space will also be sub- 
jected to heating by the incoming solar 
and earth radiations. For a craft at 
great distances from the earth, the 
solar heating will predominate, and the 
final equilibrium temperatures will re- 
sult from achieving a balance between 
the input of solar radiation and reradia- 
tion from the craft to space. To pro- 
vide acceptable temperatures in living 
quarters is simply a matter of engi- 
neering. 

When a vehicle is close to the earth, 
the effect of the earth will be appre- 
ciable. This will be particularly true 
when the craft is so close that the earth 
eclipses the sun periodically. In this 
case, during the daytime portion of the 
orbit, skin temperatures may rise to 
100° or 200°C, while during the night- 
time portion of the orbit the surface 
temperatures may fall to 40° or 50° 
below 0°C. The equilibrium tempera- 
ture then will become a function of the 
absorptive and radiative properties of 
the vehicle, its internal heat capacity, 
and the internal heat generated by 
equipment and occupants. Experience 
so far has indicated that there should 


be no problem, however, in maintaining 
temperatures appropriate for equip- 
ment. The requirements for human oc- 
cupants are more stringent, and this 
problem requires additional careful 
engineering. 

Visual background. The visual back- 
ground for an observer looking out 
into space from a vehicle well away 
from the earth will consist of a black 
sky, bright stars, and a sun whose bril- 
liance is unmitigated by diffuse light 
from a light sky. Sharp contrasts will 
be the primary feature. The earth also 
will be a bright object against a dark 
sky, since the earth’s albedo is 0.4. At 
nighttime there will be a much fainter 
light from the earth, from airglow and 
auroral radiations. 

Aural background. The noise back- 
ground within the space ship will come 
from sources within the space craft 
itself. The only possible source from 
outer space would be meteors and 
micrometeors. Micrometeors are in 
general too small and their impact is 
too infrequent to provide any con- 
tinual background noise. The larger 
micrometeors and meteors whose im- 
pacts can be heard would be so widely 
spaced as to be noted as discrete pings or 
thumps rather than as part of a back- 
ground noise. 

Psychological environment. The psy- 
chological environment is of course 
built up as a combination of the physi- 
cal setting and the man himself. The 
contributing factors from the natural 
environment are indicated above. In 
addition, solitude and separation from 
the natural abode of man will be 
primary factors in the psychological 
environment. Since I am no expert on 
these matters, I will leave it to the 
psychologists to discuss them in detail. 


Conclusion 


Of great interest in all considerations 
of manned flight into space is the new 
environment that man will encounter. 
During such flights we may expect to 
learn more about the environment it- 
self. But we may also expect to learn 
more about man, as he faces and copes 
with that environment. In the course 
of time, we may expect to learn how 
to live with the new environment or, 
rather, to live in spite of it (/). 

Note 
1. I am grateful to R. Jastrow for helpful dis- 


cussions and assistance in the preparation of 
this article. 
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The Social Responsibilities 


of Scientists 


A scientist can no longer shirk responsibility 
for the use society makes of his discoveries. 


Science, ever since it first existed, 
has had important effects in matters 
that lie outside the purview of pure 


science. Men of science have differed 
as to their responsibility for such 
effects. Some have said that the func- 


tion of the scientist in society is to 
supply knowledge, and that he need not 
concern himself with the use to which 
this Knowledge is put. I do not think 
that this view is tenable, especially in 
our age. The scientist is also a citizen; 
and citizens who have any special skill 
have a public duty to see, as far as they 
can, that their skill is utilized in accord- 
ance with the public interest. Histori- 
cally, the functions of the scientist in 
public life have generally been recog- 
nized. The Royal Society was founded 
by Charles II as an antidote to “fanati- 
cism” which had plunged England into 
a long period of civil strife. The scien- 
tists of that time did not hesitate to 
speak out on public issues, such as 
religious toleration and the folly of 
prosecutions for witchcraft. But al- 
though science has, in various ways at 
various times, favored what may be 
called a humanitarian outlook, it has 
from the first had an intimate and sinis- 
ter connection with war. Archimedes 
sold his skill to the Tyrant of Syracuse 
for use against the Romans; Leonardo 
secured a salary from the Duke of 
Milan for his skill in the art of fortifi- 
cation; and Galileo got employment 
under the Grand Duke of Tuscany be- 
cause he could calculate the trajectories 
of projectiles. In the French Revolu- 
tion the scientists who were not guil- 
lotined were set to making new explo- 
sives, but Lavoisier was not spared, 
because he was only discovering hydro- 
gen which, in those days, was not a 
weapon of war. There have been some 
honorable exceptions to the subservi- 


12 FEBRUARY 1960 


Bertrand Russell 


ence of scientists to warmongers. Dur- 
ing the Crimean War the British 
Government consulted Faraday as to 
the feasibility of attack by poisonous 
gases. Faraday replied that it was 
entirely feasible, but that it was in- 
human and he would have nothing to 
do with it. 


Affecting Public Opinion 


Modern democra¢y and modern 
methods of publicity have made the 
problem of affecting public opinion 
quite different from what it used to be. 
The knowledge that the public pos- 
sesses On any important issue is derived 
from vast and powerful organizations: 
the press, radio, and, above all, tele- 
vision. The knowledge that govern- 
ments possess is more limited. They are 
too busy to search out the facts for 
themselves, and consequently they know 
only what their underlings think good 
for them unless there is such a power- 
ful movement in a different sense that 
politicians cannot ignore it. Facts 
which ought to guide the decisions of 
statesmen—for instance, as to the pos- 
sible lethal qualities of fallout—do not 
acquire their due importance if they 
remain buried in scientific journals. 
They acquire their due importance only 
when they become known to so many 
voters that they affect the course of the 
elections. In general, there is an oppo- 
sition to widespread publicity for such 
facts. This opposition springs from 
various sources, some sinister, some 
comparatively respectable. At the bot- 
tom of the moral scale there is the 
financial interest of the various indus- 
tries connected with armaments. Then 
there are various effects of a somewhat 
thoughtless patriotism which believes in 


secrecy and in what is called “tough- 
ness.” But perhaps more important 
than either of these is the unpleasant- 
ness of the facts, which makes the 
general public turn aside to pleasanter 
topics such as divorces and murders. 
The consequence is that what ought to 
be known widely throughout the gen- 
eral public will not be known unless 
great efforts are made by disinterested 
persons to see that the information 
reaches the minds and hearts of vast 
numbers of people. I do not think this 
work can be successfully accomplished 
except by the help of men of science. 
They, alone, can speak with the au- 
thority that is necessary to combat the 
misleading statements of those scientists 
who have permitted themselves to be- 
come merchants of death. If disin- 
terested scientists do not speak out, the 
others will succeed in conveying a 
distorted impression, not only to the 
public but also to the politicians. 


Obstacles to Individual Action 


It must be admitted that there are 
obstacles to individual action in our 
age which did not exist at earlier times. 
Galileo could make his own telescope. 
But .once when I was talking with a 
very famous astronomer he explained 
that the telescope upon which his work 
depended owed its existence to the bene- 
factions of enormously rich men, and, 
if he had not stood well with them, his 
astronomical discoveries would have 
been impossible. More frequently, a 
scientist only acquires access to enor- 
mously expensive equipment if he 
stands well with the government of his 
country. He knows that if he adopts 
a rebellious attitude he and his family 
are likely to perish along with the rest 
of civilized mankind. It is a tragic 
dilemma, and I do not think that one 
should censure a man whatever his 
decision; but I do think—and I think 
men of science should realize—that 
unless something rather drastic is done 
under the leadership or through the 
inspiration of some part of the scientific 
world, the human race, like the Gada- 
rene swine, will rush down a steep 
place to destruction in blind ignorance 
of the fate that scientific skill has pre- 
pared for it. 

It is impossible in the modern world 





The author is a fellow of Trinity College. 
Cambridge, and of the Royal Society. This article 
is the text of an address delivered 24 September 
1959 in London at a meeting of British scientists 
convened by the Campaign for Nuclear Dis- 
armament. 
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The Campaign for Nuclear Disarmament in Britain recently invited scientists 
to a meeting to discuss the part they could play in diminishing the danger of 
nuclear war. Bertrand Russell, J. Rotblat, and John Collins, chairman of the 
campaign, spoke on what scientists had done and must do in the present dan- 
gerous situation. The meeting set up a working party to formulate policy and 
action. The chairman is N. Kemmer, and the secretary, A. Pirie, The Ford, North 
Hinksey Village, Oxford, England. The group of scientists hope to cooperate 
with scientists in other countries and would be glad to hear from such groups. 








for a man of science to say with any 
honesty, “My business is to provide 
knowledge, and what use is made of 
the knowledge is not my responsibility.” 
The knowledge. that a man of science 
provides may fall into the hands of 
men or institutions devoted to utterly 
unworthy objects. I do not suggest that 
a man of science, or even a large body 
of men of science, can altogether pre- 
vent this, but they can diminish the 
magnitude of the evil. 

There is another direction in which 
men of science can attempt to provide 
leadership. They can suggest and urge 


in many ways the value of those 
branches of science of which the im- 
portant practical uses are beneficial 
and not harmful. Consider what might 
be done if the money at present spent 
on armaments were spent on increasing 
and distributing the food supply of the 
world and diminishing the population 
pressure. In a few decades, poverty 
and malnutrition, which now afflict 
more than half the population of the 
globe, could be ended. But at present 
almost all the governments of great 
states consider that it is better to spend 
money on killing foreigners than on 


Molecular Heterogeneity and 


Evolution of Enzymes 


Coenzyme analogs are useful for studying the evolution, 
classification, and differentiation of enzymes. 


Nathan O. Kaplan, Margaret M. Ciotti, 
Milton Hamolsky, Robert E. Bieber 


In recent years the development of 
new techniques has led to awareness of 
the heterogeneity of proteins which 
serve the same function. The classic 
studies on the hemoglobins, in particular 
sickle-cell hemoglobin, have clearly illus- 
trated the use of chromatographic and 
electrophoretic techniques in establish- 
ing molecular heterogeneity. The im- 





Dr. Kaplan, Miss Ciotti, and Mr. Bieber are 
affiliated with the graduate department of bic- 
chemistry, Brandeis University, Waltham, Mass. 
Dr. Hamolsky, who was formerly affiliated with 
the department, is now on the staff of Beth 
Israel Hospital, Boston, Mass. 
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munological approach to detecting 
similarities and dissimilarities of en- 
zymes has also attracted much interest. 
For example, immunological techniques 
have been used to identify differences 
between muscle and liver phosphorylases 
(1). Schlamowitz (2) has shown dif- 
ferences in alkaline phosphatases by 
immunological methods. Physical prop- 
erties have also been used to identify 
differences between proteins catalyzing 
the same functions. Crystalline yeast 
alcohol dehydrogenase can be dis- 
tinguished from _ horse-liver alcohol 


keeping their own subjects alive. Pos- — 


sibilities of a hopeful sort in whatever 
field can best be worked out and stated 
authoritatively by men of science; and, 
since they can do this work better than 
others, it is part of their duty to do it. 

As the world becomes more tech- 
nically unified, life in an ivory tower 
becomes increasingly impossible. Not 
only so; the man who stands out 
against the powerful organizations 
which control most of human activity 
is apt to find himself no longer in the 
ivory tower, with a wide outlook over 
a sunny landscape, but in the dark and 
subterranean dungeon upon which the 
ivory tower was erected. To risk such 
a habitation demands courage. It will 
not be necessary to inhabit the dungeon 
if there are many who are willing to 
risk it, for everybody knows that the 
modern world depends upon scientists, 
and, if they are insistent, they must be 
listened to. We have it in our power to 
make a good world; and, therefore, 
with whatever labor and risk, we must 
make it. 


dehydrogenase simply by the fact that 
its molecular weight is almost twice that 
of the liver enzyme (3). 

Another method of detecting the 
molecular heterogeneity of proteins is 
the determination of amino acid se- 
quence. Although hormones from 
different sources may differ somewhat 
in amino acid sequence, they appear to 
have the same general physiological 
properties. Sanger (4), in his work 
on insulin, has shown that the hormone 
isolated from one species may differ 
slightly in amino acid sequence from 
that isolated from another. Similarly, 
studies with adrenocorticotropic hor- 
mone have shown that pig, lamb, and 
beef hormones have different amino 
acid sequences (5). 

Although there has been some inves- 
tigation of the heterogeneity of en- 
zymes that catalyze the same function, 
the approach of differentiating the en- 
zymes by their catalytic activities has 
not been fully exploited. It is the 
purpose of this article to present evi- 
dence that the catalytic technique may 
be most useful in discriminating differ- 
ences between enzymes having the same 
function. Furthermore, data are given 
showing that this type of approach may 
prove to be a useful adjunct in studies 
of the ontogeny of enzymes as well as 
in studies of the genetic aspects of 
enzyme formation. 
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Diphosphopyridine Nucleotidases 


Some years ago we reported that 
isonicotinic acid hydrazide (INH) 
strongly inhibited several animal-tissue 
diphosphopyridine nucleotidases (6). 
Such inhibition was found to be char- 
acteristic of the ruminants. Table 1 
lists the animals whose tissue diphos- 
phopyridine nucleotidases are “sensitive” 
or “insensitive” to isonicotinic acid 
hydrazide. It is of interest that the 
diphosphopyridine nucleotidases in all 
the tissues of the “sensitive” animals are 
inhibited by a low concentration (7.5 x 
10-*M) of this 4-substituted pyridine 
derivative, whereas, in the tissues of the 
“insensitive” animals, they are inhibited 
to a much lesser degree by the same 
concentration of this compound. Thus, 
the degree of sensitivity to isonicotinic 
acid hydrazide and other 4-substituted 
pyridine compounds (7) appears to be 
a specific characteristic of the tissue 
diphosphopyridine nucleotidases of the 
suborder of ruminants. This would sug- 
gest that whereas the diphosphopyridine 
nucleotidases from the different species 
in the suborder are closely related, they 
differ in their properties from those of 
other mammals. 


Coenzyme Analogs and 
Molecular Heterogeneity 


Although a number of enzymes are 
components of all tissues, the question 
arises as to whether the enzymes from 
different tissues of the same species are 
identical. During the past few years we 
have been approaching this problem 


c APDPN 
= | ~GH 
3 
7) TNDPN 
~~ G-i 
2 
9 Py3AIDPN 
—C-H 
Fig. 1. Pyridine-substituted analogs of 


diphosphopyridine nucleotide. 
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through the use of analogs of diphos- 
phopyridine nucleotide (DPN). These 
are pyridine-substituted analogs (Fig. 
1). They have been prepared by an 
exchange reaction catalyzed by the 
animal-tissue diphosphopyridine nucleo- 
tidase, in which a pyridine compound 
replaces the nicotinamide moiety (8, 


9): 
° 
“a x oO x ff ce 
CF ae ue 
Sn Sw rr 
“RPPRA 


rials 

where A is adenine, R is ribose, and P 
is phosphate. The deamino DPN, which 
is the hypoxanthine analog of DPN, 
can be obtained by treatment of the 
natural coenzyme with nitrous acid (/0). 

In our early work on the coenzyme 
analogs (//) it was observed that crys- 
talline lactic dehydrogenases from beef 
heart and rabbit skeletal muscle ap- 
peared to act differently with several 
coenzyme analogs. This led us to in- 
vestigate in some detail whether this 
difference was due to the fact that the 
enzymes were obtained from two differ- 
ent animals or to the fact that two 
different tissues were involved. 

Before data are presented on the 
various lactic dehydrogenases, it is im- 
portant to discuss briefly some of the 
characteristics of the interaction be- 
tween substrate and coenzyme with 
enzymes such as lactic dehydrogenase. 
It appears that the mechanism of the 
reaction may involve a ternary complex 
between the enzyme, the substrate, and 
the coenzyme. This is indicated by the 
different affinity constants obtained with 
substrates when different coenzymes are 
used, as illustrated in Fig. 2 for beef- 
heart lactic dehydrogenase, where the 
saturation curves of pyruvate with re- 


duced diphosphopyridine nucleotide 
(DPNH), deamino DPNH, and re- 
duced triphosphopyridine nucleotide 


(TPNH) are shown. 

For example, it takes much higher 
concentrations of pyruvate to saturate 
the reaction with TPNH than with 
either DPNH or deamino DPNH. Fur- 
thermore, one of the characteristics of 
the kinetics of lactic dehydrogenase re- 
actions is substrate inhibition, and it 
may be seen from the curves in Fig. 2 
that pyruvate at high concentrations 
inhibits the rate of reaction with both 
DPNH and deamino DPNH. The 
figure also shows that substrate inhibition 
is dependent on the hydrogen acceptor 
used. Thus, the group of dehydro- 
genases of the lactic acid type shows 
different substrate saturation curves with 
different coenzyme analogs, and also 
shows the general property of substrate 
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Fig. 2. Saturation of beef heart lactic 


dehydrogenase with different concentrations 
of pyruvate, different reduced pyridine 
coenzymes being used. Twenty-five times 
as much enzyme was used with the TPNH 
as with the DPNH or the deamino DPNH. 


inhibition. It is important to stress that 
substrate inhibition and saturation with 
different coenzyme analogs appear to 
vary quantitatively with different lactic 
dehydrogenases. 

In order to distinguish differences 
between the lactic dehydrogenases, we 
have utilized several types of catalytic 
data. For assay of the enzymes, several 
concentrations of lactate or pyruvate 
were used with various analogs as 
well as with the natural coenzymes. In 
general, two concentrations of either 
lactate or pyruvate were used. They are 
referred to in this study as H (high 
concentration, equivalent to 0.1M 
lactate and 3 x 10-°M pyruvate) and 
L (low concentration, equivalent to 
0.013M lactate and 3 x 10M py- 
ruvate). For example, DPN symbolizes 
the rate of reaction with the high con- 
centration of lactate when DPN is the 
coenzyme; APDPN,, indicates the rate 
with the low level of lactate and the 
acetylpyridine analog as coenzyme. The 
terms DPNH: and DPNHz» represent 
the rates with the low and high levels 
of pyruvate, respectively, when the re- 
duced DPN is the hydrogen donor. The 
reactions were all carried out with an 


Table 1. The effect of isonicotinic acid hydrazide 
(INH) on the diphosphopyridine nucleotidases 
of various animals. The action of all the “‘sensi- 
tive’ enzymes was inhibited to an extent greater 
than 65 percent by 7.5 X 10°-4+M INH; the action 
of the “insensitive” enzymes was not signifi- 
cantly inhibited by 7.5 xX 10°4M INH. 











INH-“sensitive” 


INH-“‘insensitive” 


Goat Pig 
Beef Horse 
Lamb Mouse 
Deer Guinea pig 
Rat 
Rabbit 
Frog 


Man 


















excess of the pyridine nucleotides. 
Initial rates were determined; all deter- 
minations were made on a Zeiss spectro- 
photometer, the appropriate maxima for 
reduced DPN and its analogs being used 
(9, 11). 

In general we have examined the 
activity of the various dehydrogenases 
in the soluble fraction of the tissues. 
After purification or crystallization, the 
same relative results are obtained as 
with the soluble fraction. This has 
been found with enzymes from human 
prostate gland, from -beef heart, and 
from beef, rabbit, halibut, lobster, and 
Limulus muscle. In general, the values 
reported can be duplicated within a 
few percent when several animals of the 
same species are analyzed. It appears 
that the soluble fraction of the tissues 


Table 2. The ratic of the reaction rates for lactic 
dehydrogenases from heart and muscle of differ- 
ent animals, with high and with low concentra- 
tions of pyruvate or lactate. 





DPNH,,/ APDPN,,/ 
DPNH, TNDPN,, 
Animal 
Skeletal Skeletal 
Heart muscle Heart muscle 
Man 0.4 0.7 0.7 1.8 
Mouse 0.5 0.8 1.2 3.0 
Rat 0.4 0.8 0.7 2.4 
Guinea pig 0.4 0.8 0.9 2.8 
Rabbit 0.3 1.1 0.4 a I 
Beef 0.5 1.1 1.1 2.9 
Pig 0.5 0.8 0.7 2.4 
Lamb 0.4 1.2 0.7 = He 
Pigeon 0.2 0.7 0.8 3.0 
Chicken 0.5 0.9 1.1 4.4 
Bullfrog 0.7 0.8 0.7 4.9 
Grass frog 0.4 0.7 0.5 4.5 
Salamander 0.9 LS 1.6 4.1 
Box turtle 0.6 0.7 2.3 4.8 
Painted 
turtle 0.8 1.0 2.8 9.0 
Herring 1.2 1.9 2.9 11.6 
Mackerel 0.9 3.2 0.8 11.5 
Flounder 2.0 1.9 28 45 
Sole 2.1 52 30 45 
Halibut ¢ 1.9 * 49 
Sea bass 0.9 1.9 0.9 5.6 
Butterfish 0.8 1.7 0.8 10.6 
Scup 0.6 1.4 0.6 4.9 
Sea robin 1.1 1.4 1.9 8.5 
Puffer 1.2 is 7.4 14.0 
Toadfish 0.9 1.3 1.4 9.5 
Suckerfish 0.5 1.0 0.9 6.0 
Dogfish 0.4 1.1 ‘2 8.0 





* Not available. 


Table 3. Comparison of the lactic dehydrogenase 
reaction rates of the thionicotinamide and 
acetylpyridine analogs of diphosphopyridine 
nucleotide in different human tissues. 











Sie SOE /EEe 
Nov Heart Liver Kidney Muscle 
: 0.70 2.8 055 17 
2 0.67 22 0.53 1.4 
3 0.60 2.7 0.70 1.6 
4 0.84 3.1 0.64 1.8 
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Table 4. Ratios of reaction rates of heart muscle lactic dehydrogenases in various species. 








Item Flounder Sole Lamb Dogfish Grass frog Herring 
DPNH;,/DPNH, 2.0 y He J 0.4 0.4 0.4 1.1 
DeDPNH,,/DPNH;, 0.5 0.7 pa 2.9 1.8 0.95 
DPN;,/DPN, 3.3 6 1.1 1.2 14 : 1.9 
APDPN,/DPN,, 13.2 15.0 0.4 0.8 0.4 1.6 
APDPN,/TNDPN, 28.0 30.0 0.7 1.2 0.5 2.9 
Py3AIDPN,,/DPN, La 1.5 0.9 1.2 t.1 1.3 
Py3AIDPN,/TNDPN, 2.5 3.0 1.6 2.0 is 24 





can be used for the type of enzyme dif- 
ferentiation described below. 

Table 2 shows the ratio of the rates 
of reaction of lactic dehydrogenase from 
different sources when two different 
concentrations of pyruvate are used with 
a constant amount of DPNH. As can 
be observed, the ratios for the different 
mammalian heart enzymes are quite 
similar. The values indicate again that 
high concentrations of pyruvate inhibit 
the action of heart enzymes. There ap- 
pears to be a distinct difference between 
the heart and muscle lactate dehydro- 
genases in the same species with regard 
to pyruvate saturation. It is of interest 
to note the similarity of findings for the 
bird- and mammalian-heart catalysts 
on the one hand and the skeletal- 
muscle enzymes on the other. Findings 
for enzymes in lower vertebrates appear 
to be somewhat different from those for 
enzymes in the higher forms, as is indi- 
cated particularly by the ratios obtained 
for different fish. The ratios reported 
in Table 2 for the fish-heart enzymes 
are in general somewhat higher than 
those for the higher vertebrates. This 
indicates that pyruvate at high concen- 
trations is less inhibitory to the action 
of fish enzymes. The flounder and sole 
have particularly high ratios. Again, in 
the fish, there appears generally to be 
a difference between heart and muscle 
enzymes of the same species. 

In Table 2 there is also a comparison 
of the activities of lactic dehydrogenase 
(LDH) employing the acetylpyridine 
DPN (APDPN) and _ thionicotinamide 
DPN (TNDPN) with low concentra- 
tions of lactate (/2). It is evident 
from the data that the mammalian-heart 
enzymes are quite similar, and are 
different from the  skeletal-muscle 
catalyst, with respect to their capacity 
to handle the two analogs. A compari- 
son of these data indicates that there is 
a closer agreement among the heart 
lactic dehydrogenases from the different 
species than there is between the heart 
and the skeletal-muscle lactic dehydro- 
genases of the same species. The heart 


enzymes of the different mammals all 
have somewhat similar ratios. The 
ratios for pigeon and chicken enzymes, 
as well as for those of the two frog 
species studied, seem to be similar to 
those for mammalian proteins. There is 
a possibility that the ratios of the turtle 
enzymes may be somewhat different. 
However, as in the case of the changes 
in the DPNH pyruvate ratios, ratios 
for some fish demonstrate values dis- 
tinctly different from those of the higher 
vertebrate enzymes. It is also of interest 
that the heart enzyme of the salamander 
appears to be different from that of the 
frog. Quite remarkable is the great dif- 
ference observed in the group of flat- 
fish—the sole, flounder, and halibut. 
The heart lactic dehydrogenases from 
the flatfish apparently 
acetylpyridine analog much better than 
they do the thionicotinamide analog; 
this is in complete contrast to the situa- 
tion observed with the mammalian 
enzymes. The data in Table 2 clearly 
indicate that the flatfish have enzymes 
which react similarly, but these enzymes 
are distinctly different from those of 
other vertebrates studied. 


In Man 


We have obtained on autopsy several 
tissues from a number of human pa- 
tients and have compared the lactic 
dehydrogenase activity of the various 
tissues by the coenzyme analog method. 
As may be seen in Table 3, enzymatic 
activities of the given tissues from the 
different individuals are in quite close 
agreement. It is evident from the ratios 
of reactivity with acetylpyridine DPN 
and thionicotinamide DPN that (i) the 
liver and muscle enzymes are distinct 
from the kidney and heart enzymes, and 
(ii) one can distinguish the muscle from 
the heart enzymes. However, the de- 
terminations do not appear to give a 
sharp differentiation between the kidney 
and the heart enzymes. We have further 
observed that with the catalytic response 
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the lactic dehydrogenases of human ACETYLPYRIDINE (DPN) 
3 spleen and lung from those of the four 100} ° 4300 
] tissues listed in Table 3. we 
5 Recent data by Nisselbaum and Bo- me m 
f dansky (/3) indicate an immunological > ae 
: relation between rabbit tissue lactic de- = g 
hydrogenases which is in general agree- & %% Ss 
; ment with the results we have obtained 
= in distinguishing the enzymes with the 25 
coenzyme analogs. § 
As a further approach to the classifi- ; entthner ee Te a ia : . é - 3 
all cation of lactic dehydrogenases by their ) 0.05 = 0.10 0.15 0.20 0 0.05 0.10 OIS 0.20 O25 430 
The reaction rates, we have summarized in MOLARITY OF LACTATE 
— Table 4 some data obtained with differ- Fig. 3. Saturation of beef- and lobster-heart lactic dehydrogenases with lactate. 
Tog ent heart enzymes; these data show 
to their reactions to various coenzyme 
ec is analogs under different conditions. It of the fish, it was observed that the are very similar and can be distinguished 
rtle is evident that enzymes of the flounder lactic dehydrogenases of certain species from the heart enzyme. The lactic 
nt. and of the sole are quite similar to each were different in the dark- and light- dehydrogenases from the dark and light 
ges other, yet distinct from those of the muscle extracts. The dark muscle inthe muscles of the chicken are identical, 
tios other species listed. We feel that data fish was obtained from the dorsal sur- according to our method of assay. 
dis- of this type, which indicate similarities face of the animal, and in most cases 
her and dissimilarities with different analogs, it could be easily separated from the 
rest are further evidence of the heterogeneity light tissue. Table 5 shows comparable Vertebrates and Invertebrates 
der of the enzymes. We believe that the data for a number of species with re- 
the striking and consistent differences found spect to lactic dehydrogenase from such We also have made a preliminary sur- 
dif- in the reaction rates in flounder and dark and light muscles, as well as from vey of lactic dehydrogenases of in- 
flat- sole represent differences in the enzyme heart muscle. For example, in the vertebrates. There is in general a great 
but. proteins of these animals as compared mackerel it is evident in nearly all the difference between enzymes from inver- 
rom to the enzymes of other species serving comparisons that the heart enzyme is tebrates and vertebrates. Furthermore, 
the the same function. The heart lactic very closely related to the dark-muscle the invertebrates show a great deal of 
han dehydrogenase of the dogfish seems enzyme and grossly different from the interspecies diversification. 
log; more closely related to that of the grass _light-muscle enzyme. The trout is an- Figure 3 compares the lactic dehy- 
tua- frog and the lamb than to that of either other example of a fish in which the drogenases from beef heart and lobster 
lian the herring or the two flatfish, The enzyme from the light muscle differs heart with respect to their reactivities 
arly enzyme of the herring has properties greatly from the enzyme from the dark to DPN and acetylpyridine DPN with 
mes which are certainly distinct, and thus muscle. Here again the heart enzyme _ different concentrations of lactate. The 
mes it is prebably different from the en- and the dark-muscle enzyme appear to remarkable differences in reactivity cer- 
> of zymes of the other species listed. We be quite similar. In herring, butterfish, tainly suggest that the two enzymes are 
would like to emphasize that at the pres- scup, and dogfish there is also a closer very different. At low concentrations of 
ent time we are stressing only large relationship between the dark-muscle lactate the lobster heart enzyme shows 
differences in ratios. It is possible that and the heart enzymes than there is little or no activity with the natural 
smaller differences in ratios are also between the dark- and light-muscle en- coenzyme, in contrast to what is ob- 
significant—for example, a ratio of 0.8 zymes. This finding suggests that the served with the beef heart catalyst. If 
eral in the dogfish as compared with 0.5 in heart muscle and the dark muscle in one measured the lactic dehydrogenase 
pa- the lamb. We feel, however, that much these species may possibly have a com- of lobster heart using DPN and the 
actic further work is required to show that mon origin. On the other hand, the usual concentrations of lactate, one 
‘ious such subtle differences are significant. enzymes from the dark and light muscles would conclude that there is relatively 
hod. During the course of examining some of the sea robin and the salamander little or no enzyme in this tissue. How- 
natic 
| the 
close Table 5. Comparison of ratios of reaction rates for lactic dehydrogenase from heart with rates for dark and light muscle enzymes of different species. 
— Ratios for LDH from muscle in 
) the Item Mackerel Trout Sea robin Salamander 
- Heart Dark Light Heart Dark Light _Heart Dark __ Light Heart Dark Light 
from — DPNH,,/DPNH, 0.9 0.9 3.2 0.9 0.9 2.5 1.1 1.7 1.4 0.9 1.3 1.1 
> de- DPN,,/DPN,; 1.5 1.5 | 1.6 1.9 3.2 1.3 2.9 3.2 1.5 2.1 1.9 
ve a | DeDPN,,/DeDPN,, 1.3 2.0 3.9 2.0 1.7 3.9 2.9 4.6 4.1 2.8 3.2 3.1 
dney | APDPN,/DPN, 0.6 0.5 3.4 0.8 1.4 8.5 Ll 4.8 5.2 1. 1.7 1.7 
rther APDPN,/Py3AIDPN,, 0.6 0.5 2.7 0.8 1.2 11.8 1.5 3.6 2.4 0.8 2.3 2.2 
conse APDPN,/TNDPN,, 0.8 0.6 11.5 1.5 2.3 23.6 1.9 10.5 8.5 1.6 3.9 4.1 
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Table 6. Ratios of reaction rates for lactic dehydrogenase for the phylum Arthropoda. 











DPNH, DeDPNH, DPNz APDPN, Detectable activity 
wed DPNH, DPNH, DPN, DPN, TNDPN Py3AIDPN 
Mandibulata 

Hermit-crab body muscle 1.3 0.9 9.4 28.0 + + 
Fiddler-crab claw 

muscle 1.8 0.2 >10 >200* + ~5 
Green-crab body and 

claw muscle 7, 0.3 6.0 >200* aa + 
Edible-crab body muscle 2.2 0.3 >10 >200* + + 
Crayfish body muscle 2.8 0.2 >10 >200* + at 
Lobster heart muscle 3.0 0.17 a] 173 -|- os 
Lobster body muscle . 0.7 9.0 85 + — 
Lobster claw muscle 2.0 0.3 4.0 200 a - 

Chelicerata 

Limulus heart muscle 0.36 y 1 | Ri 1S -- - 
Limulus body muscle 0.59 1.8 1.5 0.4 = - 
Limulus liver 0.29 8.3 1.4 3.4 ~~ — 
Tarantula muscle 0.5 1.1 so 0.6 — — 
Scorpion muscle 0.4 335 1.6 0.8 - - 
Wolf-spider muscle 0.35 1.8 1.5 0.3 - Trace 








* The activity with low concentrations of lactate and DPN was so low that it was impossible to obtain significantly 


accurate ratios. 


ever, when one uses the coenzyme 
analog for measurement there seems 
to be a considerable concentration of 
this dehydrogenase. The enzymes ap- 
pear to differ with respect to their 
turnover number when DPN is used 
as coenzyme. The lobster heart contains 
DPN, and there is no evidence that a 
pyridine nucleotide such as the acetyl- 
pyridine analog exists in the invertebrate. 
We have purified the lobster enzyme 
about 150-fold, and it is our impression 
that there is as much lactic dehydro- 
genase protein on a weight basis in 
lobster heart as there is in beef heart. 
Lactic dehydrogenases from other 
tissues of lobster show the same relative 
low affinity that the heart enzyme shows 
for lactate with DPN as compared to 
acetylpyridine DPN. The affinity for 
DPN and lactate, however, seems to be 
somewhat greater for the enzyme from 
the thoracic muscle than for that from 
the heart. This is also illustrated by the 
lower APDPN:/ DPN, ratio (Table 6). 
There is also some difference in ratio 
between the enzymes obtained from the 
thoracic muscle and from the claw. 
Although lactic dehydrogenase activity 
has been found in the liver of Limulus 
(the horseshoe crab), we have not ob- 
served any significant activity in the 
corresponding organ of the lobster. 
Other crustaceans, such as the hermit 
crab, the fiddler crab, the edible crab, 
and the crayfish, contain lactic dehy- 
drogenases which have properties similar 
to those of the lobster. Limulus, how- 
ever, which is related to the arachnids, 
appears to possess lactic dehydrogenases 
somewhat different from those of the 
crustaceans. For example, lactic dehy- 
drogenase from either heart, body 
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muscle, or liver of Limulus shows no 
significant reactivity with the pyridine-3- 
aldehyde and thionicotinamide analogs 
of DPN. The enzymes of Limulus react 
considerably better with DPN than does 
the lobster system, as is shown by the 
much smaller APDPN/ DPN ratios given 
in Table 6. Furthermore, all the lactic 
dehydrogenases of Limulus studied show 
a relatively low affinity for lactate when 
the acetylpyridine analog of DPN is 
used. This is in contrast to other species 
where the system is saturated with much 
lower concentrations of lactate when 
acetylpyridine DPN is the coenzyme. 
The inactivity with he pyridine-3- 
aldehyde and thionicotinamide analogs, 
as well as differences in lactate satura- 
tion with the acetylpyridine DPN, ap- 
pear to be characteristic of the lactic 
dehydrogenases of Limulus. Further 
distinguishing differences between the 
lobster and Limulus are given in Table 
6. The difference in reaction to in- 
creasing concentrations of pyruvate 
(DPNH:/DPNH:z), as well as_ the 
ratios with deamino DPNH, clearly 
indicate that the enzymes from the two 
invertebrates are different. 

Scorpions, spiders, and tarantulas are 
in the same subphylum as Limulus, and 
extracts of these animals have given 
lactic dehydrogenases which have prop- 
erties somewhat similar to those of the 
enzymes of Limulus. The chelicerate 
enzymes do not react with the thionico- 
tinamide and pyridine-3-aldehyde an- 
alogs and show a remarkably low 
affinity for lactate in the presence of 
acetylpyridine DPN. Although lactic 
dehydrogenases from different tissues of 
Limulus appear to have some similar 
properties, there are characteristics 





which distinguish the enzymes from in- 
dividual tissue (Table 6). Such evidence 
suggests that the lactic dehydrogenases 
of one species may have common prop- 
erties which are modified in the different 
tissues. Lactic dehydrogenases from 
squids, leeches, shrimp, and mollusks all 
appear to be distinct from one another 
and different from those of the animals 
listed in the table. 

Although the lactic dehydrogenases 
appear to be quite heterogeneous as 
determined by the coenzyme analogs, we 
have found it somewhat more difficult 
to show differences in malic dehydro- 
genases. In contrast to the results with 
the lactic dehydrogenases, malic dehy- 
drogenases from human heart and 
muscle are found to be quite similar. 
Furthermore, they are not very differ- 
ent from the corresponding enzymes 
from, for example, Limulus. On the 
other hand, certain of the malic dehy- 
drogenases have shown great differences. 
This has been particularly true of the 
enzymes from clam and halibut muscle. 

Markert and Moller (/4) have re- 
cently reported differences in lactic 
dehydrogenases in different tissues, de- 
termined by electrophoretic techniques. 
We have also found that, in agreement 
with the observations with coenzyme 


analogs, the muscle and heart enzymes § 


can be distinguished by their electro- 
phoretic mobilities. In contrast, lactic 
dehydrogenases from lobster muscle and 
rabbit skeletal muscle move almost 
identically on electrophoresis. However, 
they are different catalytically and im- 
munochemically. An antibody to the 
lobster muscle enzyme has been found 
to cross-react with certain crab enzymes 
but not with the Limulus enzymes. 

Bueding and his associates (/5, 16) 
have obtained some kinetic and im- 
munologic data indicating that the lactic 
dehydrogenases of Schistosoma mansoni 
and rabbit muscle are different. The 
antibody to S. mansoni will inactivate 
the worm enzyme but not the rabbit 
muscle enzyme (/6). Furthermore, it 
was found that the antibody obtained 
from one Schistosoma species will cross- 
react with enzymes from other Schisto- 
soma species. 

Recent studies by Eldédi (17) have 
shown that glyceraldehyde-3-phosphate 
dehydrogenases from the muscles of 
several mammals (rabbit, swine, and 
bovine) are identical with respect to 
physical, chemical, catalytic, and im- 
munological properties. The enzyme 
isolated from crayfish, however, appears 
to differ with respect to these char- 
acteristics from the mammalian enzymes. 
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Summary and Conclusions 


We feel that the observations de- 
scribed here indicate the molecular 
heterogeneity of the lactic dehydro- 
genases obtained from different tissues 
and from different animals. The data 
presented indicate that it is possible 
to classify animals not only by their 
physiological and morphological char- 
acteristics but also by their enzymatic 
properties, and they also suggest that 
change in enzyme structure may have 
been of significance in the establish- 
ment of new species. It is also our 
impression from this preliminary survey, 
that lactic dehydrogenases of the heart 
may have undergone considerably 
greater evolutionary changes than those 
of the skeletal muscles. 

We believe that the results outlined 
in this article may be of value in 
studying the interrelationship and origin 
of species. This may be of particular 
importance in connection with the flat- 
fish, since the origin of this group of 
fish is at present quite unresolved. We 
hope our investigations will eventually 


enable us to ascertain whether certain 
peptide chains have been altered during 
species evolution, as well as in indi- 
vidual differentiation. It is evident from 
the data presented that the coenzyme 
analogs (some of which have been used 
previously and some of which have been 
recently synthesized) are valuable ad- 
juncts in detecting the heterogeneity of 
dehydrogenases. It is our hope that 
studies with crystalline dehydrogenase 
may enable us to ascertain what part of 
the enzyme molecule is undergoing 
structural change during evolution (78). 
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van Eys, 


L. V. Heilbrunn, 
General Physiologist 


An Outline of General Physiology 
appeared first in 1937. Like its author, 
the book was definitive, far-ranging in 
scope, imaginative, and provocative. 
Lewis Victor Heilbrunn was certainly 
one of the most influential individuals 
in general physiology during the last 
four decades. Through his book on gen- 
eral physiology (which was thoroughly 
revised in 1943 and 1952), his scien- 
tific papers, his monographs, and most 
especially his many devoted graduate 
students, his influence was felt through- 
out the scientific world. His untimely 
death in an automobile accident on 24 
October snuffed out a creative spirit 
science can ill afford to lose, but his 
influence will continue for generations 
to come. 

L. V. Heilbrunn was born in Brook- 
lyn, New York, 24 January 1892. He 
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attended Cornell University as an under- 
graduate and was awarded the Ph.D. 
under the direction of Frank R. Lillie 
at the University of Chicago in 1914, 
at the age of 22. He then taught for 
a brief period at the University of IIli- 
nois Medical School and for 8 years 
at the University of Michigan, and he 
spent a year abroad as a Guggenheim 
fellow. In 1929 he was appointed to 
the staff of the department of zoology, 
University of Pennsylvania—an associa- 
tion that continued for 30 years, until 
his death. 

At Pennsylvania he helped to organ- 
ize, and became chairman of, the grad- 
uate department of general physiology. 
His course in general physiology was 
given to senior premedical students and 
biology majors as well as to graduate 
students in the department of zoology, 
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and through his course he had a marked 
influence on many physicians and on 
scientists in other fields of biology. The 
course was always popular and well at- 
tended and, as one of its most interesting 
features, the students were given re- 
search projects during the second semes- 
ter rather than formal laboratory work. 
Well over 50 scientists took their 
Ph.D. degrees under Heilbrunn’s direc- 
tion, and many others did part of their 
graduate work with him. This group, 
with its members located all over the 
United States and abroad, probably 
represents the most scientifically pro- 
ductive group in general physiology in 
America to be trained by one individual. 
Their influence on biology in this coun- 
try is undoubtedly immense. 
Heilbrunn’s research interests ranged 
widely, but with a central theme of 
protoplasmic structure and action. At a 
time when general physiology tended to 
be preoccupied with membranes and 
permeability, he pioneered in focusing 
attention upon actions within the body 
of the cell. His views were first sum- 
marized in The Colloid Chemistry of 
Protoplasm in 1928, a book which laid 
the foundation for an important aspect 
of cell physiology and which evoked 
discussion for many ensuing years. One 
of the most important and influential 
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fruits of his own work is his calcium 
release theory of stimulation and re- 
sponse. While his theory has a rare 
universality of application to biological 
problems, perhaps his greatest efforts 
were directed towards the application 
of his theory to the phenomenon of 
cell division. Not only was he an au- 
thority on celi division as a basic phe- 
nomenon but he also attempted to ex- 
tend his efforts to practical considera- 
tions, such as the problem of cancer. 
He carried out research on such proc- 
esses as muscle contraction, ameboid 
movement, and fertilization, and pub- 
lished scores of papers on his scien- 
tific efforts. The Dynamics of Living 
Protoplasm, published in 1956, summed 
up his views and his life’s work as well 
as the work of many of his students 
and was in his own opinion his most 
significant statement. 

On a strictly scientific basis, Heil- 
brunn’s reputation abroad is as great 
as in this country. To many in Europe 
his name is almost synonymous with 
general physiology in the United States. 
He made a number of trips abroad to 
lecture and participate in symposia. In 
this country he was president of the 
Society of General Physiologists, an 
organization he helped found, and he 
held office in a number of other societies 
as well as posts on editorial boards of 
scientific journals, including Physiologi- 
cal Zoélogy and the Biological Bulletin. 
He was also coeditor of the extensive 
monograph series “Protoplasmatologia.” 
His own contribution to that series, The 
Viscosity of Protoplasm, was published 
in 1958 and was his last major publi- 
cation. As a graduate student he started 
work at the Marine Biological Labora- 
tory at Woods Hole, and his association 
with that institution continued, inter- 
rupted only for foreign travel or by his 
services as a military aviator in the 
88th Aero Squadron during World War 
I (services for which he received the 
Silver Star with two oak-leaf clusters). 
He was a trustee of the Marine Biologi- 
cal Laboratory from 1931 on, and 
served twice as a member of the execu- 
tive committee. He always took a vig- 
orous interest in that laboratory and 
participated in many of its activities. 

As with many men of great stature, 
Heilbrunn’s major influence was on his 
associates, especially his graduate stu- 
dents. He loved his science with a de- 
votion that left no tolerance for intellec- 
tual sloppiness or dishonesty. His as- 
sumption that all scientists did likewise 
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Lewis Victor Heilbrunn 


was one of the early lessons for his 
students, taught not by edict but by 
precept and example. Students came 
from all over the world to work with 
him and left to occupy positions of 
influence in their field, enriched with a 
set of intellectual standards that cannot 
easily be forgotten. He was a superb 
teacher who fell into no set educational 
pattern. His philosophy of education is 
best stated in his own words from the 
preface to his textbook: “Some writers 
in presenting a scientific subject, attempt 
to over-simplify it in order to make it 
more understandable. I have known 
textbook authors who believed in teach- 
ing simple facts, right or wrong, rather 
than run the risk of confusing the stu- 
dent. Such a scheme may have advan- 
tages, but I believe that any tampering 
with truth is extremely dangerous. It 
is far better to acquaint students with 
the uncertainties of knowledge in such 
a frontier subject as general physiology, 
and to make them sceptical of new ex- 
periments. If there were more teaching 
of this sort, our laymen and our physi- 
cians might not be so gullible in accept- 
ing false discoveries . . . An enthusiastic 
teacher is essentially an optimist, and 
he delights in the achievement of his 
science.” 

He had a fine flair for writing and, 
had time permitted, would have been 
a leading interpreter of science to the 
public. As it was, in his general public 
lectures and in articles in general peri- 
odicals he did much to forward. public 
understanding of science. He insisted 
on sound writing from his students and 





them 


constantly encouraged 
good writing. 

Heilbrunn worked hard, played hard, 
and thought hard. For many years he 
was a prime mover in organizing base- 
ball games at Woods Hole, ping-pong 
tournaments, and beach parties. More 
recently his annual “ice-cream parties” 
on the lawn of his place at Woods Hole 
were attended with pleasure and profit 
by many. At the University of Pennsyl- 
vania he organized and was for years 
the moving spirit in the University Re- 
search Club, a group of faculty mem- 
bers from the humanities, social sci- 
ences, and natural sciences which met 
monthly for discussion of new research 
in various fields, and for a_ social 
evening. He also, for many years, ran 
the Journal Club of the department of 
zoology, a group which met weekly to 
discuss current topics in biological sci- 
ences. His students, past and present, 
were his personal friends and his per- 
sonal responsibilities. Their problems 
were his problems, and he was always 
ready to lend a helping hand, be it with 
advice, good conversation, or the loan 
of a car to go on a date. He could take 
on such chores of advising and helping 
because he had an active, not a protec- 
tive, regard for people. 

His interest in the arts, particularly 
in writing and painting, was an every- 
day interest, not merely evident on a 
rare visit to a museum. He established, 
in 1950, the Ellen Donovan Gallery to 
promote the appreciation and sale of 
the work of living Philadelphia artists. 
His wife, Ellen Donovan Heilbrunn, 
is a painter and teacher of art. In his 
life with her and with his daughter 
Constance he included his students, and 
drew them into an appreciation of and 
sometimes a participation in the arts 
which is rare in a world turned more 
and more toward science and its tech- 
niques. He did not paint himself, but 
he wrote whenever and wherever he 
found the time to explore an idea or 
a way of life—in a small European rail- 
road station, in the dentist’s waiting 
room. 

Heilbrunn was a man of strong opin- 
ions and had an ability to state them 
forcefully and clearly. His was a tough 
mind with little inclination to compro- 
mise. His criticisms were stated as 
clearly as were his praises, and his 
critics were frequently as vocal as his 
supporters. His refreshing presence in 
scientific arguments will be missed by 
all. 
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A man who partook of life as inten- 
sively and joyously as L. V. Heilbrunn 
is difficult to write about. Perhaps it is 
best to use his own words to illustrate 
the man. In the preface to his An Out- 
line of General Physiology he wrote, 
“In dedicating this book to my students 


I have thought especially of the men 
who have done research with me in the 
laboratory. Eager seekers after truth, 
they have not hesitated to disagree with 
me when they thought I was wrong. In 
their young energy and courage I have 
taken pride; in their support I have 


Science in the News 


Academy Mission to Asia Will 
Study Scientific Cooperation 


Two members of the National 
Academy of Sciences will visit 11 Asian 
countries during the next 4 months to 
explore with Asian scientific leaders 
how the development of their countries 
can most effectively be furthered by 
science and technology. The two aca- 
demic ambassadors of science are Far- 
rington Daniels, vice president of the 
academy and professor emeritus of 
chemistry, University of Wisconsin, and 
Ralph E. Cleland, distinguished service 
professor of botany, Indiana University, 
and chairman of the academy’s 
UNESCO Committee on Science. 





Farrington Daniels 
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Between them, Daniels and Cleland 
will visit Pakistan, India, Burma, Thai- 
land, Malaya, Indonesia, the Philippines, 
Viet Nam, Republic of China (Taiwan), 
Republic of Korea, and Japan, as well 
as Singapore and Hong Kong. Conver- 
sations, formal and informal, will be 
held not only with the heads of leading 
scientific organizations in each coun- 
try but also with government officials in 
science and education, members of 
science and engineering faculties, and 
researchers in basic and applied sciences. 

It is hoped that these contacts will 
lead to closer working relationships be- 
tween scientists of both regions and to 
deeper understanding on the part of the 
academy of the scientific and technical 





Ralph E. Cleland 


’ 


found inspiration.” Heilbrunn was an 
eager seeker after truth; his was ever- 
youthful energy and courage, and in his 
support many found inspiration. 

H. Burr STEINBACH 
Department of Zoology, 
University of Chicago, Illinois 


aspirations of each country and of how 
these aspirations can best be served by 
the academy and the private and govern- 
mental organizations with which it is 
associated. 


Asia Foundation Supports Mission 


This first Asia-wide study of the 
problems of scientific development in 
emerging nations has been arranged 
under the joint auspices of the academy 
and the Asia Foundation (San Francisco, 
Calif.). The latter has representatives in 
nearly all countries to be visited and 
supports science programs in Asian 
scientific and educational institutions. 

Robert Blum, president of the founda- 
tion, points out that in science, as in 
other fields, too few Asian leaders have 
had an opportunity to exchange views 
with Americans of distinguished reputa- 
tion and broad interests. Blum sees the 
tour of Daniels and Cleland as part of a 
broader program in which outstanding 
Americans may visit Asia under pri- 
vate sponsorship for candid discussions 
on issues and problems of mutual 
interest. 

In addition to their more general dis- 
cussions, Daniels and Cleland plan to 
report on recent findings in two scien- 
tific fields of particular interest to Asian 
countries—solar energy and plant ge- 
netics. They will give popular lectures to 
large groups and technical lectures to 
professional specialists. Daniels—a dis- 
tinguished physical chemist whose spe- 
cial interest in the applications of solar 
energy has taken him previously to 
India, Pakistan, and Thailand—will pro- 
pose that concentrated research in this 
field of study offers greater and far 
more immediate rewards to most nations 
than corresponding efforts in the fields 
of atomic energy. Cleland, an interna- 
tionally recognized botanist, will carry a 
similarly affirmative message on the sub- 
ject of plant genetics; he says that there 
are many countries on his itinerary 
where agriculture could profit directly 
from an increased emphasis on research 
in this field. 
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Pacific Board Head To Join Tour 

Accompanying Daniels and Cleland 
on part of the trip will be Harold J. 
Coolidge, executive director of the 
Pacific Science Board. Established by 
the academy in 1946, the board aids 
American scientists who wish to engage 
in scientific investigations in the Pacific 
area, advises governmental and other 
agencies on scientific matters pertain- 
ing to the Pacific, and furthers interna- 
tional cooperation in the field of Pacific 
science. 

The menibers of the academy mission, 
using slides and films, will lecture to 
scientific societies, and they will partici- 
pate in symposia and seminars that con- 
cern their various scientific specialties. 
They may also invite distinguished 
scientists from Southeast Asia to spend 
several months in the United States 
as guests of the National Academy of 
Sciences. A 3-year program to provide 
for such visits has been developed in 
cooperation with the Asia Foundation 
in order to familiarize scientists from 
that region with the structure of science 
organization in this country. 





Facilities for Biological Study on 
Oceanographic Research Vessel 


The Woods Hole Oceanographic In- 
stitution is proceeding with its plans 
for the design and construction of an 
oceanographic research vessel. Funds 
for the purpose have been made avail- 
able by the National Science Founda- 
tion. 

Planning for biological research at 
sea presents many problems in the de- 
sign of the vessel, in particular because 
of the wide variety of programs which 
may be undertaken. This brief account 
of the special facilities that are proposed 
for the new ship is given to inform biol- 
ogists of the facilities which will be 
available and to invite suggestions con- 
cerning additional facilities which they 
feel should be included. 


Proposed Special Facilities 

General information. According to 
present plans, the total complement of 
the ship will be 39 men, of whom 15 
to 19 will be members of the scientific 
party. The ship, of about 1000 tons, 
will be approximately 175 feet long and 
will have a cruising radius of about 
7000 miles. 

Space for scientific work, At the pres- 
ent stage of planning it appears prob- 
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able that 50 percent of the total area of 
the ship will be reserved for the scien- 
tists. This will include deck areas, labo- 
ratory space, and living quarters. The 
other 50 percent will be used for ship 
operations, crew quarters, mess halls, 
and so forth. 

Laboratories. Preliminary plans call 
for about 1700 square feet of space for 
enclosed laboratories. Between one- 
quarter and one-third of this space will 
be used to house permanent equipment, 
such as echo sounders and navigatioral 
aids. The remainder will be used for 
removable equipment, so that for each 
cruise at least 1000 square feet of labo- 
ratory space will be available for instal- 
lation of special equipment. A chem- 
istry-laboratory type bench will be in- 
stalled, with vacuum lines and supplies 
of gas, compressed air, nitrogen or other 
tank gas, and fresh and salt water. 

Deck area for scientific purposes. Pre- 
liminary plans provide for about 3000 
square feet of open deck for scientific 
purposes. The main after deck will ac- 
commodate the large nets and trawls. 
Uninterrupted deck space to permit the 
handling of a bottom core 80 to 100 
feet long, or other long equipment, will 
be available. 

Speed control and maneuverability. 
Speed control and maneuverability of 
the ship are essential for towing plank- 
ton nets and dredging. Provisions will 
be made for continuous and gradual 
speed control, from less than 1 knot 
to full speed (about 12 knots). In addi- 
tion, some type of bow propulsion is 
being seriously considered; this would 
give the vessel a very short turning 
radius at low speeds and would other- 
wise increase maneuverability. 

Winches and wire. Several winches 
with wire comparable to standard hydro- 
graphic wire (5/16 inch in diameter) 
and one main trawl winch with heavier 
wire (% to 14 inch) will be provided. 
At least one winch will be equipped with 
armored power cable—the one-conduc- 
tor or the four-conductor “well-logging” 
cable. This will permit direct recording, 
on deck, of the depth of the bottom end 
of the wire and will provide means of 
determining when the appropriate depth 
for deep-sea operations, such as the 
opening and closing of nets, has been 
reached. 

Sea-water system. A completely in- 
dependent nontoxic system of running 
salt water is being provided. One or 
more taps will be available in each lab- 
oratory and at appropriate places on 
deck for rinsing plankton nets. 





Aquaria. One laboratory will be pro- 
vided with running-sea-water aquaria, 
At present, installation of six aquaria, 
each about 3 by 3 by 4 feet, with indi- 
vidual temperature control, is contem- 
plated. The organisms collected could 
thus be maintained at the temperature 
of their natural habitat. 

Deepfreeze. A walk-in Deepfreeze 
for scientific purposes will be provided. 
This will be ample in size to freeze large 
fish and will provide storage space for 
large numbers of samples frozen for 
preservation or for chemical analysis. 
One section will be for quick freezing. 

Box observation chamber. A sugges- 
tion that the bow be made bulbous, with 
underwater observation ports and space 
for two observers, is being considered. 
The ports would be 10 to 12 feet below 
the water line and should provide a 
good opportunity to observe fish and 
their behavior and, possibly, a means 
of observing equipment in operation 
under water. 

Center well. Construction of a center 
well about 3 by 4 feet or larger, extend- 
ing from the upper deck through the 
hull, is being considered. This well 
would be of use in lowering equipment 
into the water from enclosed spaces 
and would probably have some biologi- 
cal uses. It might be used to house living 
organisms by closing the bottom with 
an appropriate grating, or used by skin 
divers as a means of entering the water 
in rough weather. 

Acoustic properties. Every effort will 
be made to keep the operation of the 
ship ‘as quiet as possible. Complete 
silence of operation will be achieved by 
using banks of batteries, adequate for 
several hours’ operation. Such silence is 
essential in various geophysical studies 
and will also make it possible to monitor 
biological noises. 

Portable laboratories. The use of sep- 
arate laboratory structures, about the 
size of a trailer truck, which could be 
moved on and off the ship easily and 
could be quickly secured in place, is 
being considered. Such portable labo- 
ratories could be fully equipped ashore 
between cruises. All radioisotope studies 
would probably be done in such port- 
able laboratories to avoid background 
contamination of the ship’s permanent 
laboratories. 


Suggestions Welcome 


Comments concerning requirements 
for biological facilities for this ship 
should be sent to Bostwick H. Ketchum 
or Frank Minot, both of the Woods 
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Hole Oceanographic Institution. The 








ship is intended to be the best oceano- 
graphic vessel afloat, providing facilities 
for as broad and complete a program as 
possible. Suggestions which will help in 
achieving this aim will be most welcome. 

Bostwick H. KETCHUM 
Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 





Community Cancer Control Program 
Launched by Health Service 


A sum of $1.5 million has been ap- 
propriated by Congress for fiscal year 
1960 to further the widespread applica- 
tion of existing knowledge of preventing 
and controlling cancer. These funds are 
being administered by the Cancer Con- 
trol Program, Public Health Service, 
under the technical guidance of the di- 
rector of the National Cancer Institute. 

Guidelines for the use of this money 
were developed by the Cancer Control 
Program’s newly formed Advisory Com- 
mittee, whose members are Ulrich Bry- 
ner, Bernard Bucove, John W. Cline, 
Warren H. Cole, Joseph A. Cunning- 
ham, Harold S. Diehl, Lloyd M. Graves, 
John P. Lindsay, James J. Nickson, 
Mack I. Shanholtz, Charles E. Smith, 
John W. Spellman, Samuel G. Taylor, 
Ill, and David A. Wood. 

The Cancer Control Program and its 
Advisory Committee believe that the 
best opportunities for demonstrating 
better ways of providing community 
cancer control services at this time lie in 
the following areas: (i) professional and 
technical education in cytology; (ii) 
screening of female medical patients for 
cancer of the cervix; (iii) selected edu- 
cational projects, particularly public 
information and follow-up services, to 
emphasize the importance of periodic 
uterine cytologic examinations; (iv) 
professional educational activities em- 
phasizing the importance of including 
diagnostic aids in complete health ex- 
aminations; (v) selected public educa- 
tional projects on the desirability of and 
need for regular physical examinations; 
(vi) evaluation of the effectiveness of 
public educational activities; (vii) main- 
tenance of tumor registers to collect 
data of exceptional value; (viii) exten- 
sion and evaluation of rehabilitation 
programs (in cooperation with state 
rehabilitation agencies); and (ix) select- 
ed programs demonstrating effective 
treatment for cancer in beneficiaries of 
public medical care. 
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Other worth-while, locally sponsored 
and locally directed demonstration proj- 
ects will be considered. 

Applications, which will be accepted 
from nonprofit organizations and insti- 
tutions as well as from official health 
agencies, are reviewed much as re- 
quests for research grants are reviewed 
at the National Institutes of Health. 
The Advisory Committee to the Cancer 
Control Program and the National Ad- 
visory Cancer Council reviews the ap- 
plications and recommends approval or 
disapproval. Acting on these recom- 
mendations, the chief of the Bureau of 
State Services, Public Health Service, 
takes formal action. 

Additional information may be ob- 
tained from the Cancer Control Pro- 
gram, Division of Special Health Serv- 
ices, Department of Health, Educa- 
tion, and Welfare, Washington 25, D.C., 
and from the eight regional offices of 
the Public Health Service. 


Soviet Atomic Icebreaker in Service 


The U.S.S.R.’s new atomic icebreaker 
Lenin is now operating in arctic waters, 
being thus the first atom-powered sur- 
face vessel to go into regular service. 
The Lenin’s maiden voyage started in 





mid-September on the day that Soviet 
premier Khrushchev began his 12-day 
visit to the United States. 

The 16,000-ton ship is 440 feet long 
and 92 feet wide and is described as 
being as high, even without its super- 
structure, as a five-story buliding. The 
vessel draws 30 feet and has an 18-knot 
cruising speed in open water. It is re- 
ported that it can operate easily on 6- 
foot ice with its three-shaft, 44,000- 
horsepower installation that has a push 
of 330 tons. 

The ship has three reactors, one of 
which is kept in reserve. Refueling is 
not expected to be necessary more than 
once every second year. Ordinarily, a 
ship of such size would require some 
200 tons of oil a day. 

The Lenin was designed to stay at 
sea for long periods in order to keep 
open the 11,000-mile arctic route be- 
tween Murmansk and Vladivostok—a 
route at present open about 10 weeks 
each year. Therefore, the ship carries 
a helicopter equipped with a telecam- 
era for ice reconnaissance, and accom- 
modations are relatively luxurious. All 
cabins are air-conditioned, and there 
is a music room, a clubroom for mov- 
ing pictures, and a, 3500-volume library. 
The hospital is equipped for x-ray and 
dental work and for major surgery. 








Geophysical Union Forms 
Committee on Planetary Sciences 


The executive committee of the 
American Geophysical Union has estab- 
lished a Planning Committee on Plane- 
tary Sciences which will consider ex- 
panding the activities of the American 
Geophysical Union to accommodate 
the interests of those of its members 
who are engaged in planetary and space 
research. The members of the commit- 
tee include Homer E. Newell, Jr. (chair- 
man), Robert Jastrow (secretary), Philip 
H. Abelson, Leroy R. Alldredge, J. W. 
Chamberlain, Thomas Gold, J. G. F. 
MacDonald, Hugh Odishaw, Allen 
Shapley, E. H. Vestine, Harry Wexler, 
and Charles A. Whitten. 

In announcing the formation of the 
committee, Lloyd Berkner, the president 
of the American Geophysical Union, 
noted that the Journal of Geophysical 
Research, a publication of the AGU, 
is already one of the principal media 
for the formal communication of re- 
sults in planetary physics. However, with 
the rapid expansion of research in the 
space sciences, it has become apparent 
to the officers of the union that the pres- 
ent structure of that organization does 
not offer adequate opportunities for 
the verbal presentation of contributed 
papers in the new areas. Therefore, 
the executive committee of the Ameri- 
can Geophysical Union has authorized 
the formation of the Planning Commit- 
tee on Planetary Sciences, whose re- 
sponsibilities will include the organiza- 
tion of symposia and sessions of con- 
tributed papers in planetary physics. 
The planning committee will have au- 
thority to make whatever arrangements 
it deems necessary. The sessions on 
planetary physics will be added to the 
programs of the regular AGU meetings. 


Sessions for April Meeting 


According to Newell, the chairman 
of the committee, arrangements are 
being made to include sessions of con- 
tributed papers on planetary physics in 
the program of the April meeting, sched- 
uled to take place in Washington, 27-30 
April. The Planetary Sciences Commit- 
tee plans to include sessions on sun- 
earth relationships, the interplanetary 
medium, meteorites, and the moon and 
planets. 

The abstracts of papers to be pre- 
sented in these sessions must reach the 
office of the committee secretary (Rob- 
ert Jastrow, Theoretical Division, Na- 
tional Aeronautics and Space Adminis- 
tration, Goddard Space Flight Center, 
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8719 Colesville Rd., Silver Spring, Md.) 
no later than 1 March for inclusion in 
the advance program. Abstracts must 
not exceed 200 words in length. Ab- 
stracts received by 18 March will be 
accepted for presentation at the meeting 
but cannot be included in the advance 
program. An effort will be made to have 
them printed in a special program sup- 
plement, for distribution at the time of 
the meeting. 





News Briefs 


Lunik III to fall. Lunik III, the Rus- 
sian rocket which photographed the far 
side of the moon, will re-enter the 
earth’s atmosphere about 8 March, ac- 
cording to J. E. Michaels of General 
Electric’s Missile and Space Vehicle De- 
partment in Philadelphia. 


Wildflower pilgrimage. The depart- 
ment of botany at the University of 
Tennessee has announced that the tenth 
annual Spring Wildflower Pilgrimage 
will be held in the Great Smoky Moun- 
tains at Gatlinburg, Tenn., 28-30 April. 
The program, which is open to the pub- 
lic, offers illustrated lectures, wildflower 
and fern hikes, birds walks, and motor- 
cades conducted by competent botanists 
and naturalists. For further information 
write to Department W.P., Post Office 
Box 208, Gatlinburg, Tenn. 

Carlson memorial. Concerted efforts 
to establish a lectureship in the name of 
the late Anton J. Carlson of the Univer- 
sity of Chicago have been announced by 
Dwight J. Ingle, chairman of the uni- 
versity’s department of physiology. Ingle 
has assumed responsibility for raising 
the necessary funds. Thus far, the ap- 
peal has been directed primarily to 
Carlson’s friends and former students. 
Carlson’s varied interests led him to 
make contributions in many areas, and 
the appeal is being extended to all in- 
dividuals and groups who might wel- 
come the opportunity to honor him 
through the university he served. 

Fermentation. An International Sym- 
posium-on Fermentation will be held 
in Rome, 9-14 May 1960. The sympo- 
sium is sponsored by the Istituto Su- 
periore di Sanita (Italian Institute of 
Public Health), the Italian Chemical 
Society, and the Fermentation Subdivi- 
sion of the American Chemical Society. 
The sessions of scientific papers and 
panel discussions by invited participants 
are open to all interested scientists. 





Subjects covered will include fermenta- 
tion technology, fermentation chemis- 
try, and fermentation biology. Inquiries 
should be addressed to: International 
Fermentation Symposium, Istituto Su- 
periore di Sanita, Viale Regina Elena, 
299, Rome, Italy. 
a % Eg 

Visiting professors. The Program of 
Visiting Professors of the American 
Astronomical Society has announced 
that 50 requests have been received. 
However, the National Science Foun- 


dation grant that supports the program § 


provides for 80 visitors. For informa- 
tion communicate with: Franklyn M. 
Branley, American Museum—Hayden 
Planetarium, 81st St. and Central Park 
West, New York 24, N.Y. 
co Bg 

Photobiology. The Comité Interna- 
tional de Photobiologie will hold the 
third International Congress on Photo- 
biology in Copenhagen, 31 July—5 
August 1960. This congress will honor 
the 100th anniversary of the birth of 
Niels R. Finsen, who is recognized as 
the father of modern photo- and radio- 
biology, and will be called the Finsen 
Memorial Congress. The president of 
the International Committee on Photo- 
biology is Alexander Hollaender, direc- 
tor, Biology Division, Oak Ridge Na- 
tional Laboratory, Oak Ridge, Tenn. 
For information about the congress, 
write to the secretary general B. Buch- 
mann, Biofysik Laboratorium, Juliane 
Mariesvej 30, Copenhagen, Denmark. 

nN % * 

Scientific information. The Institute 
for Scientific Information has recently 
opened offices at 1122 Spring Garden 


St., Philadelphia, Pa., for the purpose of 
conducting a program of publication, re- | 


search, development, education, and 

service. Eugene Garfield is the director 

of the newly incorporated organization. 
a * * 

Gas dynamics. The second Interna- 
tional Symposium on Rarefied Gas Dy- 
namics will meet on the Berkeley cam- 
pus of the University of California, 3-6 
August 1960. The program will be sim- 
ilar in scope and purpose to that of the 
first symposium, which met in Nice, 
France, in July 1958. New develop- 
ments in upper-atmosphere research 
and space flight will be discussed, as 
well as more basic scientific studies. 
Attendance at the symposium will be 
by invitation only. Further information 
may be obtained by writing Engineer- 
ing and Sciences Extension, University 
of California, 2451 Bancroft Way, 
Berkeley 4, Calif. 
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Scientists in the News 


Karl Sax, visiting professor in botany 
at Yale University and professor of 
botany at Harvard University (1935- 
59), has received the Jackson Dawson 
Medal of the Massachusetts Horticul- 
tural Society for work on the hybridi- 
zation and propagation of hardy woody 
plants. 


The Institute of Science and Tech- 
rology of the University of Michigan is 
sponsoring a lecture series on the mo- 
lecular control of cellular activity, to be 
held during March and April. Among 
the speakers will be Torbjorn Caspers- 
son, director of the Karolinska Insti- 
tute in Stockholm, Sweden, who will 
speak on nucleocytoplasmic relation- 
ships in cell function and growth, and 
Hans Krebs, professor of biochemistry 
at the University of Oxford (England) 
and Nobel Prize winner, who will dis- 
cuss the control of cellular metabolism. 


Robert W. Pohl, professor emeritus 
of physics and former director of the 
Institute of Experimental Physics at 
Goettingen, Germany, has received the 
Oersted Medal from the American As- 
sociation of Physics Teachers for con- 
tributions to physics teaching. 


Giles W. Mead, director of the 
Ichthyological Laboratory of the Smith- 
sonian Institution and an expert on 
fishes of the deep seas, will become 
curator of fishes at the Museum of 
Comparative Zoology of Harvard Uni- 
versity on 1 April. 


Monroe H. Martin, on sabbatical 
leave from his post as director of the 
Institute for Fluid Dynamics and Ap- 
plied Mathematics at the University of 
Maryland, has been named honorary 
lecturer in mathematics at St. Salvator’s 
College of St. Andrews University (Scot- 
land). After leaving Scotland in March, 
he will spend 3 months in Rome before 
returning to Maryland. 


Philip N. Powers, head of the Inter- 
nuclear Co., Clayton, Mo., has been 
named professor and head of the new 
department of nuclear engineering at 
Purdue University. He has also been 
appointed associate director of the en- 
gineering experiment station. 


Three scientists are among the ten 
outstanding young men of 1959 selected 
by the U.S. Junior Chamber of Com- 
merce: Peter A. Castruccio, technical 
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director of Aeronca Manufacturing Co.; 
Harry Prystowsky, head professor of 
obstetrics and gynecology, University 
of Florida; and S. Fred Singer, profes- 
sor of physics at the University of Mary- 
land. 


Walter L. Koltun, research associate 
in biochemistry at Cornell University 
Medical College, is now principal con- 
sultant to the biophysics and biophysi- 
cal chemistry study section of the Na- 
tional Institutes of Health at the Uni- 
versity of California, Berkeley. 


J. McDaniel of the control mecha- 
nisms and electronics division of the Na- 
tional Physical Laboratory, Teddington, 
England, will be in the United States 
until 26 February, mainly in the Los 
Angeles area and in Cambridge, Mass. 


Kenton L. Chambers, assistant pro- 
fessor of botany at Yale University, 
has received the George R. Cooley 
Award for the outstanding paper pre- 
sented before the American Society 
of Plant Taxonomists during the AAAS 
meetings in Chicago. 


Leonard Greenburg, commissioner 
of the New York City department of 
air pollution control, has been ap- 
pointed professor and acting chairman 
of the department of preventive medi- 
cine at the Albert Einstein College of 
Medicine. 


Haakon Bang has resigned as dean of 
the*Schoof of Pharmacy of Washington 
State University in order to devote his 
time to teaching and research. He has 
been succeeded by Allen I. White, pro- 
fessor of pharmacy at Washington State. 


Damon V. Catron, professor of 
animal nutrition at Iowa State Univer- 
sity, has been named vice president for 
research and marketing at the Walnut 
Grove Products Co., Atlantic, Iowa. 


Melvin Calvin, professor of chemis- 
try at the University of California, 
Berkeley, has received the 1959 Re- 
search Corporation Award for his in- 
vestigations of photosynthesis by radio- 
active carbon tracing. 


Leslie A. Chambers, director of re- 
search for the Los Angeles County Air 
Pollution Control District, has been 


named scientific director of the Allan 
Hancock Foundation for Scientific Re- 
search at the’ University of Southern 
California. 






Recent Deaths 


James Bossard, Wynnewood, Pa.; 71; 
emeritus professor of sociology, William 
T. Carter professor of child helping, and 
director of the Carter Foundation for 
Child Helping at the University of 
Pennsylvania; director of a national 
study of juvenile delinquency since 
1959; 29 Jan. 

Truman W. Cole, Jacksonville, Fla.; 
66; supervisor of field activities for the 
animal-disease-eradication division of 
the Department of Agriculture and for- 
mer head of the interstate inspection 
division; 19 Jan. 

Walter T. Dannreuther, New York, 
N.Y.; 74; professor emeritus of 
obstetrics and gynecology at the New 
York University Post-Graduate Medical 
School; founder, first president, and 
diplomate of the American Board of 
Obstetrics and Gynecology; 27 Jan. 

Irwin H. Fenn, New York, N.Y.; 75; 
former professor of mathematics at 
Brooklyn Polytechnic Institute; 29 Jan. 

Richard V. Foregger, Roslyn, N.Y.; 
87; inventor and manufacturer of ap- 
pliances for anesthesia; worked on air 
regeneration for submarines in the early 
1900’s; 18 Jan. 

Beno Gutenberg, Pasadena, Calif.; 
70; retired director of the seismological 
laboratory of the California Institute of 
Technology and pioneer geophysicist; 
past president of the Seismological So- 
ciety of America; 25 Jan. 

C. Judson Herrick, Grand Rapids, 
Mich.; 91; professor emeritus of neurol- 
ogy at the University of Chicago; au- 
tor of The Brains of Rats and Men; 
served 54 years with the Journal of 
Comparative Neurology as editor or 
board chairman; 29 Jan. 

Delilah B. Metz, Fairbanks, Alaska; 
46; research physiologist at the Arctic 
Aeromedical Laboratory; 16 Jan. 

Richard Rand, Moultonboro, N.H.; 
91; clinical professor emeritus of 
gynecology and obstetrics at Yale Uni- 
versity Medical School; Yale faculty 
member from 1895 to 1941; 18 Jan. 

Sergei L. Rubinshtein, Moscow, 
U.S.S.R.; 70; psychologist; correspond- 
ing member of the Soviet Academy of 
Sciences; author of Stalin prize winning 
work, The Foundations of General Psy- 
chology; former director of the Institute 
of Psychology in Moscow; 11 Jan. 

H. W. B. Skinner, Geneva, Switzer- 
land; 59; head of the physics depart- 
ment of Liverpool University; former 
head of the general physics division of 
the Atomic Energy Research Establish- 
ment at Harwell, England; 20 Jan. 
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Lewis Henry Morgan: the Indian Jour- 
nals, 1859-62. Leslie A. White, Ed. 
University of Michigan Press, Ann 
Arbor, 1959. 233 pp. Illus. $17.50. 


Among the scientists who attended 
the 1856 meeting of the American As- 
sociation for the Advancement of 
Science at Albany, N.Y., was Lewis 
Henry Mozegan, corporation lawyer of 
Rochester, who had already given the 
world “its first scientific account of an 
Indian tribe.” [The League of the Ho- 
de-no-sau-nee, or Iroquois (Rochester 
1851). The quotation is from Major 
J. Wesley Powell, founder of the Bu- 
reau of American Ethnology and the 
U.S. Geological Survey.] At this meet- 
ing, the dedications of the Dudley 
Observatory and the Geological Hall 
(today both are represented by vigorous 
research establishments, for the observ- 
atory is a part of Union University 
and the Geological Survey is a unit of 
the New York State Museum and 
Science Service) were the events of 
the day, but the meeting also stimu- 
lated the most significant research car- 
ried on in the social sciences during 
the 19th century. Morgan afterwards 
wrote: “My interest in ethnology was 
quickened to such a degree that I re- 
solved to resume the study as soon 
as the state of my business would 
permit” (page 5). For the AAAS meet- 
ing held in Montreal the next year, he 
wrote “The Laws of Descent and Con- 
sanguinity of the Iroquois,” and in this 
he outlined a classificatory system of 
relationship that was to become a 
model for investigating kinship systems 
in diverse societies. Morgan designed 
a questionnaire and undertook, at his 
own expense, a series of field trips to 
the Indians of the Great Lakes, the 
Plains, and the Southwest; through the 
kindness of Joseph Henry of the Smith- 
sonian Institution, Morgan’s schedules 
reached government officials and mis- 
sionaries throughout the world. In seek- 
ing to test his hypothesis on such a 
broad comparative basis, Morgan put 
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ethnology on a scientific footing and 
founded social anthropology. Within 
a decade the fruit of his search, Sys- 
tems of Consanguinity and Affinity in 
the Human Family, was accepted for 
publication as a “Smithsonian Contri- 
bution to Knowledge,” and in 1877 he 
published a theoretical work, Ancient 
Society, which did for society what 
Darwin had already done for nature, 
and which profoundly influenced the 
philosophers of history, including Karl 
Marx. Widely translated, Ancient So- 
ciety was most recently published in 
Calcutta. 

White has consistently championed 
Morgan’s cause, reversing a tide of 
anthropological opinion after Boas and 
his students reacted to social evolution. 
Students who have never read Morgan 
might well commence with the Indian 
Journals, for they demonstrate that he 
was a prodigious field worker, that his 
observations resulted in abundant well- 
recorded data, and they lead to impor- 
tant theoretical formulations. This work 
is a milestone in the history of American 
ethnology and of American science, 
and as Americana, it ranks with the 
great journals of exploration in the Far 
West. 

In four expeditions, Morgan investi- 
gated, in addition to kinship, questions 
of topical interest aroused by earlier 
Iroquois studies: geographical terms, 
houses and house life, burial customs, 
names and naming customs, clans, po- 
litical organization, religion, and 
dances. Morgan had a curious interest 
in whether the men slept nude, for in 
this custom, he sought a possible clue 
to Asiatic origin. Individuals of eastern 
and central Algonquian speaking tribes 
who had removed to Kansas, the Siou- 
ans, and the Caddoans, comprising 
both prairie hunters and village tribes, 
were assiduously sought out and ques- 
tioned. This was all so new and won- 
derful: the Indians, the flora and fauna, 
the buffalo hunt (did the arrows ac- 
tually pass through the bison?), river 
steamers, hunters, traders, Indian agents 





and their chicanery, missionaries and 
their essential intelligence and piety. 
As one reads what Morgan wrote while 
he waited on river banks for the Mis- 
souri packet, one senses that he clearly 
anticipated Wissler’s idea that the In- 
dian shunned the prairie before he be- 
came a mobile horseman. Yet Wissler 
never saw these journals. Morgan de- 
scribed the organization, by half-breed 
hunters, of a buffalo hunt which bears 
a remarkable similarity to the police 
functions of Indian soldier’ societies; 
this raises the question of which in- 
fluenced the other. He asked himself 
whether miscegenation or acculturation 
accounted for the progress of mixed- 
blood farmers and concluded that, con- 
trary to frontier opinion, it could not 
be the former. 

The flavor of Morgan’s journals is 
considerably enhanced by contemporary 
prints, photographs, and color repro- 
ductions of paintings, by Catlin, Bod- 
mer and others, appropriately cap- 
tioned. The illustrations were selected 
and edited by Clyde Walton. The album 
format admits three columns of text 
and allows ample space for illustra- 
tions. 

WILLIAM N. FENTON 
New York State Museum and Science 
Service, Albany, New York 


Prediction and Outcome. A study in 
child development. Menninger Clinic 
Monograph Series, No. 14. Sibylle 
Escalona and Grace Moore Heider. 
Basic Books, New York, 1959. xvi 
+ 318 pp. $6.50. 


Thirty-one children were observed at 
the Menninger Foundation, Topeka, 
Kan., first as infants of 32 months, or 
younger, and again when they were 3 
to 6 years of age. On the basis of the 
first set of observations, Escalona made 
predictions about the later behavior of 
the children. The degree of predictive 
success was then tested against the sec- 
ond set of observations. 

The predictions were not made at the 
time the children were first observed, 
but only after the children had been 
selected as subjects for the later study. 
Thus, the bases for prediction were 
records from the earlier study and Es- 
calona’s recollections of the children. 

Nearly 900 predictions, each about 
some aspect of the behavior of an indi- 
vidual child, were rated by the authors 
on a five-point scale for correctness. 
Sixty-six percent of the predictions were 
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rated as predominantly correct; success 
was greatest for those predictions in 
which the predictor had expressed a 
high degree of confidence. Results were 
broken down in terms of such variables 
as sex of the subject, his age at the 
time of the initial and later studies, and 
the formal and content characteristics 
of the predictions. This itemized-out- 
come rating method constitutes Esca- 
lona’s purely descriptive presentation of 
results. 

Heider has preferred to present find- 
ings in terms of the correctness of pre- 
diction for each individual child and to 
employ nonparametric techniques, as 
well as Pearson’s r, in the analysis of 
the data. I consider this a more justi- 
fiable approach than Escalona’s treat- 
ment of 882: predictions about 31 sub- 
jects as if these predictions constituted a 
single population. 

In addition to formal presentation of 
findings, the book contains illustrative 
case descriptions and some interesting 
theoretical discussions. 

The methodology of the study is ex- 
tremely weak. Some of its weaknesses 
are shared by many other studies in 
child development, which have em- 
ployed data collected before the studies 
were planned. Other weaknesses—for 
example, the use of the authors as 
judges of the correctness of predictions 
—could easily have been avoided. The 
main fault of the study, however, lies 
in the manner in which the predictions 
were written. Had these predictions 
been set up in a more formal manner, 
thus allowing for planned observations 
that would confirm or disprove them, 
the authors would have been able to 
present their findings in a more mean- 
ingful way and could have avoided 
some of their statistical problems. 

RICHARD H. WALTERS 
Department of Psychology, 
University of Toronto 


A Short History of Scientific Ideas to 
1900. Charles Singer. Oxford Uni- 
versity Press, New York, 1959. xx 
+ 525 pp. Illus. $8. 


Singer’s original Short History of 
Science to the Nineteenth Century was 
a work of his middle years. First pub- 
lished in 1941, it has been deservedly 
popular. The present volume, more than 
a hundred pages longer and much better 
illustrated, is a revision and expansion 
of the same book. Large portions of 
the original stand unchanged, and the 
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plan and the themes remain unaltered. 
The chief difference lies in the enlarge- 
ment of the treatment of biological 
science from about 1850 to 1900; this 
section is paralleled by a new section 
on physical science during the same 
period, contributed by Herbert Dingle. 
The new book is much better printed 
and is more pleasing to read than the 
older one. 

Despite a new look on the contents 
pages, the structure of the earlier part 
of the book has not been greatly modi- 
fied. It now opens with a few pages on 
Babylonian and Egyptian astronomy 
and mathematics (by Angus Armitage). 
The importance of the Alexandrian 
period of Greek science is more justly 
recognized. But Singer has not thought 
fit to revise the part that relates the 
pattern in which Roman decadence 
heralds the medieval collapse, and mod- 
ern science is founded solidly on the 
Renaissance of the 15th and 16th cen- 
turies. No medieval “precursors” of 
modern science are admitted, and one 
will look in vain for such names as 
Buridan, Ockham, and Oresme. While 
I agree with Singer that modern science 
is the creation of modern times, it 
seems regrettable that the background 
to Vesalius, Copernicus, and Galileo 
is not more clearly sketched; one is 
left with the paradox that a return to 
Greek sources produced a revolt against 
Greek science. On the other hand, 
medieval technological advances do 
now receive a favorable mention. 

The central section, “The insurgent 
century,” has been improved by a sec- 
tion on Newton’s optical work (un- 
accountably omitted from the earlier 
version) and remains an excellent sur- 
vey of the turning point in modern 
science. 

In the new material, Dingle is mainly 
concerned with the limitations of “bil- 
liard-ball” physics and the new science 
of astrophysics. Singer’s own new pages 
follow the lines of his volume on the 
history of biology. On the whole— 
partly because the sequel is cut off by 
abandoning the story—the continua- 
tion is less successful than the older 
bulk of the book. 

As. is inevitable, some fresh errors 
have crept in: thus, Ptolemy’s observa- 
tions were not accurate to 5 seconds 
of arc (page 90); a plumb line should 
be normal to the horizontal (Figure 
70); Newton’s first law of motion is 
not generalized from Galileo’s concept 
of inertia (pages 235-36); medieval 
blast furnaces did not produce steel 
(page 254); the two sentences about 


eyepieces are meaningless in conjunc- 
tion (page 298). In general, however, 
the changes in this new version are 
all for the better, and, if the broad 
historical picture emerging from it 
owes few touches to the fresh scholar- 
ship of the last 25 years, it is the best 
we have within its limits. The organi- 
zation is good, the language is neat and 
sometimes witty, and thought is there 
for those who look for it. The Grand 
Old Man of the history of science is 
still a master of his craft of easy presen- 
tation. 

A. RUPERT HALL 
Department of Anatomy, University of 
California Medical School, Los Angeles 


Applications of the Theory of Matrices. 
F. R. Gantmacher. Translated and 
revised by J. L. Brenner, D. W. 
Bushaw, and S. Evanusa. Interscience, 
New York, 1959. ix + 317 pp. $9. 


There are today many fine books in 
English on the theory of matrices. Few 
of them, however, treat applications of 
the theory in more than an incidental 
manner. A book of the caliber of the 
present one is, therefore, a valuable 
addition to the bookshelf of the analyst, 
applied mathematician, or physicist, for 
it contains sophisticated and elegant 
treatments of several, topics which ulti- 
mately require matrix analysis. 

The first chapter contains a fairly 
exhaustive treatment of the normal 
forms of complex symmetric, antisym- 
metric, and orthogonal matrices. The 
second chapter deals with equivalence 
relations between singular bundles of 
matrices and follows closely the work 
of Kronecker. The results are applied 
to the integration of systems of differ- 
ential equations with constant coeffi- 
cients. Then there is an excellent ac- 
count of the theory of matrices with 
non-negative elements. This includes the 
classic work of Frobenius and various 
recent extensions. The preceding results 
are then specialized for the study of 
stochastic matrices, and the theory of 
Markov processes with a finite number 
of states is discussed from the matrix- 
theory point of view. A succeeding 
chapter treats applications to the theory 
of differential equations, including the 
little-known but elegant concept of the 
multiplicative integral developed by Vol- 
terra. A final chapter (alone almost 
worth the price of the book) deals very 
comprehensively with the Routh-Hur- 
witz problem of determining the number 
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of roots of a polynominal in a half 
plane. The original method of Routh 
is given in full detail. A somewhat more 
useful criterion, developed by Lienard 
and Chipart, is presented; it involves 
the calculation of fewer determinants 
than the original Hurwitz technique. 

This book cannot be recommended 
too highly, for it contains material other- 
wise unavailable in book form. One 
could wish that material on _ infinite 
matrices were included, but this lack 
does not detract from the stature of 
Gantmacher’s book as an exposition on 
finite matrices. The translation is a good 
one, but there are several misprints 
which are easily spotted. 

GEORGE WEISS 

Institute for Fluid Dynamics 
and Applied Mathematics, 
University of Maryland 


Measurement of Subjective Responses: 
Quantitative Effects of Drugs. Henry 
K. Beecher. Oxford University Press, 
New York, 1959. xvi + 499 pp. 


Henry Beecher, well-known research 
professor of anesthesia at Harvard, has 
written an important volume, summa- 
rizing a vast amount of recently devel- 
oped information on the subjective re- 
sponses of various kinds of people to 
various kinds of drugs. It is interesting 
that this subject was popular a little 
more than a century ago; S. F. C. 
Hahnemann (1755-1843), founder of 
the medical sect of “homeopathy,” sys- 
tematically tested all kinds of drugs, 
even in extremely small doses, in order 
to note their effects on himself. Re- 
sponses to these tiny doses were largely 
subjective. 

Let me say at once that Beecher’s 
volume is a comprehensive, detailed, 
systematic, well-written, carefully ar- 
ranged, and very useful reference work. 
It is fully documented (1063 references, 
with full titles and pagination), and it 
has a helpful index. 

The volume is skillfully organized. 
The first part deals with the measure- 
ment of pain: a prototype for the quan- 
titative study of subjective responses. 
The second part deals with the quantita- 
tive study of the effects of drugs on vari- 
ous subjective states. 

After an interesting introduction at- 
tempting to define pain and its charac- 
teristics as a sensation, Beecher goes 
on to give a systematic critique of meth- 
ods for measuring pain. An important 
discussion of placebos and placebo re- 


406 


actors follows. It is astonishing what 
a large number of subjective responses 
are obtained from the administration 
of biologically inert chemicals, such as 
lactose. This simply confirms Hahne- 
mann. 

Beecher goes on to consider statis- 
tical problems in double-blind testing, 
pain thresholds, the effects of analgesic 
agents on pain thresholds, the important 
matter of drug interactions, synergism 
and potentiation, factors producing 
variation in the pain threshold, and 
action factors of the pain experience. 

Beecher concludes that pain cannot 
be satisfactorily defined. Pain sensa- 
tions and pain perceptions are identi- 
cal, representing an indefinite amount 
of psychic processing. Pain thresholds 
are not constant, either with respect to 
individuals or from time-to-time in a 
given person. Experimentally induced 
pain and pain resulting from disease dif- 
fer in their components, and the tech- 
niques of producing experimental pain 
are not fully satisfactory for appraising 
analgesic agents. There is no dependable 
relationship between the number of 
pain spots stimulated, or the degree of 
their stimulation, and the extent of pain 
invoked. Analgesic agents appear to 
exert their effect on the “reaction com- 
ponent” rather than on the “original 
sensation.” 

The second part of the volume be- 
gins with a discussion of the measure- 
ment of “mental clouding” and other 
subjective effects of morphine. It pro- 
ceeds to a consideration of sedation and 
hypnotic states, and then to a review 
of the effects of anesthetic agents 
on subjective states. Psychotomimetic 
drugs, as well as the general subject of 
euphoria and dysphoria, are surveyed; 
and then consideration is given to quan- 
tifiable expressions of anxiety, with a 
review of quantitative studies of the 
effects of narcotics on hunger. Nausea 
and pruritis are discussed separately. 
There is consideration of experimental 
and pathological cough, with regard to 
subjective and objective components. 

Unfortunately, this second part of 
the book does not include a summariz- 
ing chapter. Perhaps Beecher thought 
that the intelligent reader would go back 
over the whole effort and attempt to 
make his own summary. This would 
not be easy, because such a vast amount 
of information is explored so thorough- 
ly and so significantly that it really 
would be a repetitive effort to try to 
compile a summary. For these same 
reasons, it is difficult to review the 
book except in generalizations. 





Beecher’s effort is provocative, stim- 
ulating, and inspiring: its skillful anal- 
ysis of the various factors concerned 
in the complicated concept, “‘pain,” is 
provocative; its suggestions for logical 
approaches to pain relief are stim- 
ulating; and the way in which it has 
been compiled, written and published 
is inspiring. This is really a monu- 
mental contribution. 

CHAUNCEY D. LEAKE 
Ohio State University 


Zulu Journal. Field notes of a natural- 
ist in South Africa. Raymond B. 
Cowles. University of California 
Press, Berkeley, 1959. xiv + 269 pp. 
Illus. $6. 


Each of Raymond Cowles’ many 
fine research papers contains a little 
extra. Beyond its technical content, 
each paper brings a smell of the out- 
doors into modern scientific periodicals, 
an all-too-rare aroma that comes from 
a naturalist’s broad curiosity about the 
living animal in its native haunts. Zulu 
Journal is the other side of the coin. 
In this sensitive, often poetic account of 
human ecology in Natal Province, 
Union of South Africa, are intriguing 
bits of information—adaptations in 
color matching (including negroid skin 
and zebra stripes), food webs, and 
heterothermism. For this reason, the 
book will give the scientist rewards 
beyond the pleasure of reading color- 
ful, picture-evoking descriptions of 
animal and human life on the African 
veld. 

Zulu Journal is not a journal, for it 
gives no consecutive account of Cowles’ 
field work. Instead, it flits about with 
the deceiving aimlessness of a butter- 
fly, picking up an anecdote here and 
there, inspecting an ecological situation 
briefly, encountering amazing numbers 
of different animals and sizing up each 
for its place in the African world. With- 
out effort the reader comes to see 
through experienced eyes “the mood of 
the country, its seasons, and the passing 
years.” 

In chapter after chapter, Cowles tips 
his hand to reveal what is coming in 
the final one. To him it is evident from 
the rapid changes of the past 50 years 
in the land of his birth that “Against 
the deadliest weapons of man, fecun- 
dity and agriculture, scarcely anything 
but weeds or parasites can survive for 
many more decades.” The final chap- 
ter, starkly titled “Man,” still comes 
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as a surprise containing surprises, for 
it presents such a logical, forceful 
analysis of the outcome for other ani- 
mals of the human population explo- 
sion around the world. He argues, on 
the one hand, for a few natives and 
man-set fires in wildlife reserves—to 
continue the evolutionary pressure to 
which wildlife and the vegetation have 
become adapted. On the other, he 
clearly wonders how a sanctuary, even 
as large as Kruger National Park (the 
size of Massachusetts or New Jersey), 
can be meaningful as an island of 
wilderness if there is no genetic inter- 
change with kindred animals and plants 
from beyond its boundaries. How can 
the enclosed creatures continue their 
evolution in an unchanged direction, if 
they are confined in this way? 

That Cowles’ last visit to Natal was 
in 1953 does not date his book. We 
tramped over many of the same hill- 
sides during July and August of 1959, 
and found the deterioration of the soil, 
the problems of management, the ten- 
sions between people over the future, 
all just a little more acute and des- 
perate than is told in Zulu Journal. To 
Cowles’ credit, he has underplayed the 
political background of the South Afri- 
can scene and focused more attention 
on the world-wide problems—the sur- 
vival of wild animals, native plants, 
and primitive people in the face of un- 
checked increases in human population. 

The book should be read carefully 
by all who are concerned with man’s 
future—even his near future. 

Lorus J. MILNE 
MARGERY MILNE 
Department of Zoology, 
University of New Hampshire 


Human Nutrition and Dietetics. Sir 
Stanley Davidson, A. P. Meiklejohn, 
and R. Passmore. William and Wil- 
kins, Baltimore, Md., 1959. xii + 844 
pp. Illus. $15. 


Three Edinburgh men—Sir Stanley 
Davidson (professor of medicine), A. P. 
Meiklejohn (lecturer in nutrition), and 
R. Passmore (reader in physiology)— 
have banded together to produce the 
best textbook on nutrition presently 
available to the graduate student, the 
scientist, or the internist. The combina- 
tion of their talents is unusual. David- 
son, an excellent clinician, has made 
distinguished contributions to a number 
of fields in medical investigation. Mei- 
klejohn, well known in this country as 
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a clinician, has had extensive practical 
experience as consultant in nutrition 
for the United Nations Relief and Re- 
habilitation Administration. Passmore, 
a man with wide interests in the physi- 
ology of nutrition, served for many 
years in the Indian Medical Service, 
in particular at Coonoor. 

This large volume (844 pp) is divided 
into six main sections: Physiology, 
Foods, Primary Nutritional Diseases, 
Nutritional Aspects and Dietetic Treat- 
ment of General Diseases, Public 
Health, and Diet and Physiological 
Stress. The first part deals with the 
more classical aspects of the biochemis- 
try and physiology of nutrition, includ- 
ing the mechanism by which food intake 
is regulated. The references and illus- 
trations are judiciously chosen, and in 
every respect the book meets the high- 
est requirements for scholarship. That 
it does so without being unusually 
wordy is particularly well illustrated by 
chapter 7, “Alcohol,” which in the 
space of only 2% pages (five biblio- 
graphical references) manages to give 
a superb summary of present knowl- 
edge of the place of alcohol in nutri- 
tion. 

My only reservation about the first 
part is that the authors could have pro- 
vided a better discussion of the basis 
on which various sets of requirements 
or recommended allowances have been 
established. 

The second part is particularly use- 
ful. It deals with the various types of 
foods into which, ultimately, nutrition 
is translated. There is a useful section 
on preserving, cooking, and wastage, as 
well as a section on food poisons. 

The section on subnutrition and star- 
vation, as well as that on obesity, could 
usefully have been amplified. These 
topics are dealt with in a fairly cursory 
manner and, particularly obesity, with- 
out too much originality. This is all the 
more surprising because few people in 
the world have had as much extensive 
firsthand experience with the problem 
of subnutrition as Meiklejohn and 
Passmore, and, for that matter, few 
people have written as well on the sub- 
ject as Passmore. It is to be hoped that 
in the second edition this important sub- 
ject will be discussed more fully. Simi- 
larly, obesity is a field to which both 
Passmore and Meiklejohn have con- 
tributed and continue to contribute. 
The emphasis placed on this subject in 
the teaching of present day nutrition 
should entitle it to a somewhat more 
detailed presentation than is accorded 
it in Human Nutrition and Dietetics. 


The sections on nutritional deficien- 
cies are good, and they are particularly 
well illustrated. Section 4, Nutritional 
Aspects and Dietetic Treatment of Gen- 
eral Diseases, is excellent, though it 
may, perhaps, reflect British practices 
too much for literal application to 
American hospitals and institutions. 

Part 5, on public health nutrition, is 
excellent; it includes a wise appraisal 
of the social as well as the technical 
factors to be taken into account when 
dealing with the nutritional practices 
of populations. 

A final (and very brief) part deals 
with diet and physical stress. The de- 
scription of the management of chil- 
dren’s diets could have been somewhat 
more detailed, and the common criteria 
for evaluating the adequacy of diet for 
growth could have been discussed at 
somewhat greater length. Other chap- 
ters in this section, dealing with ath- 
letics, effects of climate, expeditions 
and emergency rations, are consistent 
with the excellent quality of the book. 

The existence of this book will 
make it much easier for anyone teach- 
ing nutrition to advanced students to 
organize a course based on readily avail- 
able references. It should make it even 
more difficult to justify the omission of 
a course in human nutrition in the 
training of medical students. 

JEAN MAYER 
Department of Nutrition, 
Harvard School of Public Health 


Covered Wagon Geologist. Charles 
Newton Gould. University of Okla- 
homa Press, Norman, 1959. xiii + 
282 pp. Illus. + maps. $4. 


This is the autobiography of a pioneer 
geologist who worked in Oklahoma and 
the surrounding areas. His professional 
activities covered the 60 years prior to 
his death in 1946, and one of his early 
field vehicles was a covered wagon, 
though he did not make any transcon- 
tinental trips in it. 

If you are a geologist working in the 
mid-continent area, you will probably 
want to read this book at one sitting. If 
you are a geologist working elsewhere, 
you should have it in your library be- 
cause it is rich in allusions to the de- 
velopment of our present knowledge of 
the fundamental geology of Gould’s 
sphere of interest, much of which was 
developed by Gould himself in his vari- 
ous posts. He was a teacher who in- 
itiated the geology curriculum at the 
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University of Oklahoma, he was a con- 
sulting geologist who found some oil 
fields for others (but not for himself), 
he organized the Oklahoma Geological 
Survey, he was geologist for the Na- 
tional Park Service, and most important, 
he trained men who were successful 
when measured by the criteria of their 
colleagues. At times, he was doing all 
these things at once, at times separately, 
and he found time to publish 260 
papers, write 572 reports on oil prop- 
erties, and complete 251 reports for the 
Park Service! 

Like many others, Gould was born, in 
1868, in a log cabin in Ohio and grew up 
in a dugout on the Kansas prairie. And 
like hundreds of others, he had tough 
going to get through school. But the 
chance hearing of a lecture on geology 
determined his future, and he left no 
stone unturned, literally, to complete 
his education in this field and to pursue 
it usefully all his life. 

While it is not clear whether Gould 
developed his book from a journal or 
from a diary, we know that geologists 
are great note-takers and file-keepers, 
and we may, thereby, trust the historical 
data. Some readers may feel that 
Covered Wagon Geologist is not great 
literature, but it is better than average 
and will certainly hold a reader’s in- 
terest. This is fundamental stuff in the 
history of North American geology, 
even though it is somewhat provincial. 
I am grateful to Gould for his story, 
but even more grateful to a group of 
Oklahoma geologists who helped insure 
its publication. 

V. L. VANDERHOOF 
Santa Barbara Museum of Natural 
History, Santa Barbara, California 


Handbuch der Physik. vol. 41, part 1, 
Nuclear Reactions 2, Theory. S. 
Fliigge, Ed. Springer, Berlin, 1959. 
vii + 580 pp. Illus. DM. 145. 


Gregory Breit (Yale University) and 
his collaborators—M. H. Hull, Jr., J. S. 
McIntosh, and R. L. Gluckstern—are 
the authors of the articles in this vol- 
ume of the new Handbuch der Physik. 
As is well known, Breit has played an 
important role in the development of 
the theory of nuclear reactions. We 
note his early work on charged par- 
ticle reactions and, of course, his deri- 
vation, with E. Wigner, of the justly 
celebrated Breit-Wigner formula; this 
formula not only has proved to be 
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fundamental for the analysis of ex- 
perimental results on resonance reac- 
tions, but its publication also initiated 
(simultaneously with N. Bohr) the im- 
portant concept of the compound 
nucleus. This volume, like all Breit’s 
work, is a careful, detailed, yet stimu- 
lating exposition of the subject; its 
approach is very strongly based on 
physical insight with a great deal of 
attention being paid to classical or 
semiclassical formulations. 

The first and longest article, en- 
titled “Theory of Resonance Reactions 
and Allied Topics’ (pages 1-407), is 
by Breit. Its main purpose is twofold: 
(i) the more or less qualitative under- 
standing of resonance reactions and 
(ii) the derivation and application of 
the Wigner R matrix theory. In the 
first category, we place his section B, 
“Elementary viewpoints and simpler 
models,” which includes a discussion 
of resonances for central field two-body 
encounters, of his schematic model for 
the many channel situation, and an 
interesting semiclassical discussion. In 
section C, the Wigner development is 
given a very full treatment, and all 
details required for its use are included 
as far as I can see. Section D deals 
with a variety of topics: the optical 
model, stripping reactions, alpha par- 
ticle decay, and heavy particle reac- 
tions. 

Even in an article as long as this, it 
is inevitable that a number of topics 
are not included or are only briefly 
mentioned. These include the statistical 
theory of nuclear reactions (the Wig- 
ner statistical R matrix is briefly dis- 
cussed) the theory of direct interaction 
(stripping and pickup are given a very 
detailed analysis), and gamma _ ray 
processes in resonance reactions (the 
dipole emission probability is calcu- 
lated on the basis of the schematic 
model). Finally for the reader who 
may miss Breit’s explicit mention of it, 
Breit’s [ is double the usual one. 

The second article, “Coulomb Wave 
Functions” (pages 408-465), (written 
with M. H. Hull, Jr.) is a full and ex- 
tremely useful summary of the various 
properties and approximation for these 
functions which are so important for 
the discussion of charged particle re- 
actions. A complete list of all the avail- 
able tables as of 1958 is given. 

The third article (written with J. S. 
McIntosh) is entitled “Polarization of 
Nucleons Scattered by Nuclei” (pages 
466-495). It deals with this subject in 
terms of the von Neumann statistical 





matrix and for the most part uses the 
methods of Wolfenstein. Scattering by 
spin 1/2 nuclei of spin 0 and spin 1/2 
particles is considered in detail. 

The fourth and final article (written 
with R. L. Gluckstern) is on Coulomb 
exitation (pages 496-558). The clas- 
sical and quantum mechanical treat- 
ments are both discussed. 

This volume is an important addi- 
tion to the literature on nuclear reac- 
tions. It is fundamentally a review but 
differs from many reviews in that it is 
a critical review, well organized and 
useful, containing much that is original. 
Every physicist interested in nuclear 
reactions needs to read it. 

One final comment which has to do 
with the editing of this series: it seems 
a pity that the subject index in this 
volume, as well as in the others I have 
examined, is so short and that there 
is no author index. 

HERMAN FESHBACH 
Department of Physics, 
Massachusetts Institute of Technology 


New Books 


Advances in Spectroscopy. vol 1. H. W. 
Thompson, Ed. Interscience, New York, 
1959. 374 pp. $12.50. 

Aerial Photographic Interpretation. Prin- 
ciples and applications. Donald R. Lueder. 
McGraw-Hill, New York, 1959. 477 pp. 
$17.50. 

The Analysis of Variance. Henry Schef- 
fe. Wiley, New York; Chapman and Hall, 
London, 1959. 493 pp. $14. 

Comparative Anatomy of the Verte- 
brates. Theodore H. Eaton, Jr. Harper, 
New York, ed. 2, 1960. 391 pp. $6. 

Dictionary of Economic Plants. J. C. Th. 
Uphof. Hafner, New York, 1959. 408 pp. 
$9.75. Brief descriptions, alphabetically 
arranged, of more than 6000 plants. Lists 
common and = scientific names, reviews 
geographical distribution, and lists prod- 
ucts derived from the plants. 

Fundamentals of Guided Missiles. Air 
Training Command, U.S. Air Force, and 
Technical Staff, Aero Publishers. Aero, 
Los Angeles, Calif., 1960. 605 pp. $12.50. 

Evolution and Christian Thought To- 
day. Russell L. Mixter, Ed. Eerdmans, 
Grand Rapids, Mich., 1959. 224 pp. $4.50. 

Handbook of Industrial Research Man- 
agement. Carl Heyel, Ed. Reinhold, New 
York; Chapman and Hall, London, 1959. 
530 pp. $12. 

L’hérédité moléculaire. Conditions nor- 
males et pathologiques. Jean de Grouchy. 
Instituto Gregorio Mendel, Rome, 1958. 
360 pp. 

Industrial Complex Analysis and Re- 
gional Development. Walter Isard, Eugene 
W. Schooler, Thomas Vietorisz. Tech- 
nology Press of Massachusetts Institute 
of Technology; Wiley, New York; Chap- 
man and Hall, London, 1959. 311 pp. 
$8.75. 
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Transmembrane Potential 
Measurements of Cells of Higher 
Plants as Related to Salt Uptake 


Abstract. Measurements of the differ- 
ence in electropotential between the in- 
terior of the cell and the external solu- 
tion have been made for the first time 
in cells of several crop plants (J). The 
interiors of cells of Avena, Pisuim, and 
Zea seedling tissues all have potentials 
of about —80 to —115 mv relative to that 
of an external solution of 0.1 mmole of 
KCI per titer, bathing the tissue. The 
potential difference of Avena coleoptiles 
varies with the concentration of external 
KCl and is depressed by 2,4-dinitrophenol. 
The potential difference occurs between 
the cytoplasmic layer and the exterior; 
the potential of the vacuole does not ap- 
pear to be significantly different from that 
of the cytoplasm. Obviously a relatively 
large cation accumulation ratio could be 
accounted for in plant cells by this large 
potential without invoking a chemical 
cation transport scheme. 


In the literature on salt accumula- 
tion by plant cells, an implicit assump- 
tion appears to be that a higher con- 
centration of an ion within the cell 
than outside means that a metabolic 
transport system for that ion must 
exist. However, cells of muscle (2), 
nerve (3), and giant algal cells—for 
example, Nitella (4, 5)—have a trans- 
membrane potential which is sufficient 
to explain the accumulation of K* in 
the absence of a chemical transport 
system for K*. In frog sartorius muscle 
under non-steady-state conditions, the 
potential difference is dependent on the 
ratio of internal and external K* con- 
centrations, but the K* concentration 
gradient is not in itself the energy 
source maintaining the potential differ- 


Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


ence; rather, this appears to be the re- 
sult of an active chemical transport 
system for Na* (6). No such trans- 
port system has yet been discovered in 
higher plants, but plant cells apparently 
do have steady membrane potentials 
(1). In Nitella, for example—as in 
muscle—the membrane potential dif- 
ference closely approaches the relation 
expected of a K* diffusion cell in which 


E — 58 log (K*)our/(K*)in 


where E is the potential difference and 
(K*)oute and (K*)im are, respectively, 
the outer and inner K* concentrations 
(5, 7). This is the behavior expected if 
the membrane is impermeable (or rela- 
tively so) to all but K* ions (5)—that 
is, if the internal and external K* ion 
concentrations, though different, are in 
electrochemical: equilibrium. Under this 
condition, it is a logical necessity that 
some other process—perhaps an anion 
pump—would be required to cause the 
potential difference. This point has been 
discussed briefly by MacRobbie and 
Dainty in connection with salt rela- 
tions of the alga Nitellopsis, which ap- 
pears to have active Na* efflux trans- 
port and Cl influx transport systems 
(7). However, in the case of the vas- 
cular plants, current ideas of ion up- 
take are predominantly based on the 
concept of specific ion carriers—a 
scheme in which no account has been 
taken of the cell transmembrane poten- 
tial difference, its direction, and its lo- 
cation, 

Coleoptiles or roots of Avena sativa 
var. Victory were used for most of the 
experiments, but some resting poten- 
tials were measured in epicotyl cells of 
Pisum sativum var. Alaska and coleop- 
tile cells of Zea mays hybrid. Seg- 
ments of root, coleoptile, or stem were 
excised and placed in the experimen- 
tal solution for pretreatment of | to 3 
hours. The tissue was held and kept 
under microscopic observation in a 
Lucite chamber in which it was pos- 
sible to maintain a constantly flowing 
solution and to change the solution en- 
tirely without disturbing the prepara- 
tion. 

Resting potentials were determined 
by inserting a microcapillary electrode 
(tip diameter 0.5 to 1.0 ,) into the 


cell and measuring the change in poten- 
tial between it and a similar electrode 
in the external solution (2). The micro- 
capillaries were prepared with an auto- 
matic electrode puller (8). They were 
filled with electrolyte by boiling in 3M 
KCl for 15 minutes. Reference elec- 
trodes were similar to the measuring 
electrodes except that the tip diameters 
were 10 to 20 » and the microcapil- 
laries were filled with 3M KCI in 
agar. The electrolyte in the electrodes 
was connected to the measuring circuit 
with Ag-AgCl wires. The measuring 
circuit consisted of an electrometer tube 
cathode follower preamplifier connect- 
ed to a calibrated oscilloscope with d-c 
amplification. 

The resting potentials of all of the 
tissues measured were negative relative 
to the outside solution. The average 
potential of 12 cells of five different 
Avena coleoptiles in 0.1 mM KCl was 
— 120 + 23 mv (range —87 to —157 
mv). The average potential in 20 cells 
of four pea epicotyls in 0.1 mM KCl 
was —132 + 22 mv (range —74 to 
—157 mv). The average potential of 
eight readings on one corn coleoptile 
in 1.00 mM KCl was -96 + 20 mv 
(range —75 to —128 mv). Several read- 
ings of potential were taken of the root- 
hair-forming cells of two different root 
tips bathed in 1.0 mM KCL. In one, the 
average potential of seven cells was 
—81 + 7 mv; in the other, the average 
for six cells was —65 + 7 mv. 

The effect of the external KCl con- 
centration on the cellular potential was 
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Fig. 1. Data from two experiments with 
Avena coleoptile showing the relation of 
the potential (in milliveits, negative) of 
the cell interior to the external KCl con- 
centration. In each experiment KCl solu- 
tions of progressively higher concentra- 
tion, up to 100 mmole/lit., were flushed 
through the tissue-holding chamber, and 
then the sequence was reversed to lower 
concentrations, as indicated by the ar- 
rows. The theoretical curve (dashed line) 
is based on a K~ tissue content of 25 mi- 
croequivalents per gram (fresh weight), as 
shown by assay. 
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Fig. 2. Data from two experiments, show- 
ing depression of cell potential difference 
by dinitrophenol. In one experiment (solid 
points), reversal of DNP inhibition may 
be noted. (Avena coleoptile; KCl con- 
centration, 25 mmole/lit.; DNP concen- 
tration, 0.2 mmole/lit.) 


studied in the parenchyma cells of. the 
coleoptiles. The tissue was excised and 
soaked in 0.2M mannitol (9) for 1 
to 2 hours before the experiment, then 
mounted in the holder. With the elec- 
trode in a single cell, the tissue was 
successively perfused with 0.1, 1, 10, 
and 100 mM solutions of KCl, made 
up to 0.2M with mannitol. With the 
electrode still in the cell, the series was 
also run in reverse. Readings were re- 
corded after each change in concentra- 
tion when the potential had stabilized 
(a matter of seconds). As is shown in 
Fig. 1, the potential becomes less nega- 
tive as the external concentration of 
KCI is increased and, conversely, more 
negative as the external concentration 
is subsequently decreased. The re- 
versibility of the potential is a good 
indication that the seal around the elec- 
trode tip was maintained throughout 
the experiment. It is apparent that the 
slope is not the same as that expected 
of a K* diffusion cell see the theoreti- 
cal line in Fig. 1). However, potential 
difference is obviously related to ex- 
ternal KCI concentration and interpre- 
tation of the significance of slope must 
await further data on equilibrium con- 
ditions. 

The effect of 2,4-dinitrophenol 
(DNP) on the cellular potential was 
also studied with parenchyma cells of 
Avena coleoptiles. In this case the tissue 
was excised and soaked in 25 mM 
KCI for 1 to 2 hours before it was 
mounted. Readings were taken on a 
single cell while the tissue was being 
perfused with 25 mM KCI and with 25 
mM KCI plus 0.2 mM dinitrophenol. 
Figure 2 shows results of two experi- 
ments; in one the potential dropped to 
about one-half of its resting value in 6 
minutes when dinitrophenol was added, 
and it did not recover when DNP-free 
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KCI was added. The other curve is simi- 
lar except that the potential jerkily re- 
turned to nearly its resting level when 
KCl was added. This potential was 
again depressed by dinitrophenol, but 
it did not recover a second time. It is 
known that dinitrophenol is a strong 
inhibitor of salt uptake by plant tissue 
(10,11), and the magnitude of its ef- 
fect appears to be correlated with met- 
abolic activity (//). Therefore the de- 
pression of cell potential difference by 
dinitrophenol suggests that the poten- 
tial may be directly or indirectly de- 
pendent on metabolic activity; however, 
an effect of dinitrophenol on perme- 
ability properties of cell membrane 
structure could possibly give a similar 
effect. 

Attempts were made to ascertain the 
location within the cell of the potential 
difference. In root-hair cells of Avena 
at a stage of incipient hair elongation, 
a thick layer of cytoplasm is clearly 
visible, and it is thus possible to tell 
whether the electrode is in the cyto- 
plasm or in the vacuole. The potential 
difference was measured when the 
electrode was inserted slowly into the 
cytoplasm and when it entered the 
vacuole. It was found that a major 
rise in potential occurred when the 
electrode entered the cytoplasm; the 
potential difference did not change sig- 
nificantly when the electrode entered 
the vacuole. Some cytoplasm-vacuole 
readings (in millivolts) in 10 mM KCl 
were 33/33, 30/39, 30/30, and 39/39; 
and in 1 mM KCI, 83/90, 87/84, 
75/75, 78/60, and 71/71. These data, 
indicating that there is no difference in 
potential between cytoplasm and vacu- 
ole, indicate a situation similar to that 
in certain algae (7). 

The existence of a constant cell po- 
tential in vascular plant tissue must be 
given important consideration in de- 
scribing any scheme of salt absorption 
by plants. According to these data, the 
potential difference amounts to as much 
as 120 mv in Avena coleoptile cells— 
a difference which is sufficient to make 
the internal K* concentration more 
than 100 times greater than the ex- 
ternal concentration. The location of 
the potential drop at the external cyto- 
plasmic surface emphasizes the classi- 
cal view of the cytoplasmic membrane 
as a barrier to ionic diffusion. It thus 
appears to definitely preclude the pos- 
sibility that the vacuolar membrane is 
essentially the only ionic diffusion bar- 
rier and that the cytoplasm is, rela- 
tively speaking, “free space,” as has 
been proposed (/2). 

Bup ETHERTON 
N. HiGINBOTHAM 

Department of Botany, 
Washington State University, Pullman 
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Characteristics of Blood-Brain 
Barrier to Gamma-Aminobutyric 
Acid in Neonatal Cat 


Abstract. Systemic y-aminobutyric acid 
produces a rapid, sustained, but transiently 
reversible blockade of evoked axodendritic 
excitatory postsynaptic potentials in neo- 
natal cortex when the “barrier” operating 
to restrict its passage has been altered by 
various experimental procedures. The 
data obtained under these conditions indi- 
cate the existence of well-developed syn- 
aptic pathways in the superficial neuropil 
of immature cortex. 


The functional characteristics of the 
blood-brain barrier in newborn animals 
have been analyzed by comparing the 
relative uptake of systemically ad- 
ministered dyes (1), metabolites (2, 3), 
and ions (4) by the immature and 
mature brain. Conflicting opinions 
concerning the development of this 
“barrier” at birth derive largely from 
the use of different test substances, 
which presumably measure different 
aspects of blood-brain barrier activity 
(5). 

The functional characteristics of the 
blood-brain barrier in newborn animals 
(kittens) were studied with a pharma- 
cologically active metabolite, y-amino- 
butyric acid. The latter, when applied 
directly to exposed cortex, rapidly 
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eliminates surface-negative components 
of evoked cortical responses, pre- 
sumably by blocking excitatory synapses 
on superficial extensions of vertically 
oriented apical dendrites of cortical 
neurons (6, 7). However, when the 
metabolite is administered intravenously 
to mature cats, similar effects are ob- 
served only in regions of damage to the 
blood-brain barrier (8). Thus, the par- 
ticular aspect of blood-brain barrier 
activity analyzed with systemic y- 
aminobutyric acid relates to those 
factors which operate to restrict the 
passage of a pharmacologically active 
amino acid from plasma to cortical 
neuronal surfaces. 

Experiments were performed on suc- 
cinylcholine-paralyzed, locally anesthe- 
tized kittens a few hours to 6 weeks old. 
These were prepared for oscilloscopic 
registration of cortical-surface responses 
in a manner similar to that described 
for mature cats (6). Different con- 
centrations of the amino acid in 0.5 to 
1.0 ml of saline were injected via an 
indwelling catheter in the external 
jugular vein. The effects of these in- 
jections on two varieties of evoked 
cortical potentials were studied—the 
surface-negative response of cortex to 
local stimulation and the diphasic 
positive-negative response of somatic 
sensory cortex to stimulation of the 
lateral thalamus. The local superficial- 
negative cortical response is inferred 
to be an excitatory postsynaptic poten- 
tial of apical dendrites in the molecular 
layer, whereas the specific thalamo- 
cortical response involves synaptic ac- 
tivation of neurons in the cortical 
depths (surface-positive component) 
and postsynaptic potentials of dendrites 
in the superficial regions of the cortex 
(surface-negative component) (7). 

The results of this investigation, 
summarized in Fig. 1, indicate that the 
processes which limit or prevent diffu- 
sion of blood-borne y-aminobutyric 
acid to cortical synaptic sites on apical 
dendrites in mature animals also oper- 
ate in newborn kittens. Concentrations 
of the amino acid which rapidly elimi- 
nate superficial-negative cortical re- 
sponses evoked in regions of blood- 
brain barrier destruction in mature cats 
produced relatively insignificant effects 
on such responses in neonatal animals 
(Fig. 1A). Rapid injection of high 
concentrations of y-aminobutyric acid 
(500 mg/kg) transiently, but signifi- 
cantly, decreased these axodendritic ex- 
citatory postsynaptic potentials (Fig. 
1B). Of considerable interest was the 
finding that the blood-brain barrier to 
y-aminobutyric acid in neonatal ani- 
mals could be markedly altered by ex- 
posure of the cortex for short periods 
(30 to 45 minutes) despite the fact that 
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the cortex was covered with warm 
mineral oil. When these alterations de- 
veloped, previously ineffective concen- 
trations of y-aminobutyric acid rapidly 
abolished the superficial-negative corti- 
cal response, spontaneous recovery 
occurring after 20 to 30 minutes (2). 
Similar effects of systemic y-amino- 
butyric acid were also observed in 
newborn kittens injected with large 
amounts of the amino acid (300 to 400 


mg/kg) 2 to 3 hours prior to craniec- 
tomy (Fig. 1D). Changes in blood- 
brain activity induced by prolonged 
exposure of the cortex or by preloading 
with y-aminobutyric acid, or by both, 
in neonatal kittens were not similar to 
those produced in mature cats with 
lipid solvent-induced barrier lesions 
(8). In newborn kittens, the cortical 
synaptic effects of systemic y-amino- 
butyric acid were rapidly reversed at 
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Fig. 1. (A—D) Superficial cortical responses in cat, recorded monopolarly (negativity, 
upwards) 1 to 1.5 mm from surface-stimulating wire electrodes on suprasylvian gyrus. 
(E) Posterior sigmoid gyrus responses to lateral thalamic stimulation (four to ten 
superposed traces throughout). Time calibrations, 50 msec; that for C same as for B. 
(A) Response in a kitten 15 hours old: (1) 10 minutes after craniectomy; (2) 10 to 
18 seconds after injection of 150 mg of y-aminobutyric acid per kilogram; (3 and 4) 
1 minute and 3 minutes, respectively, after (2). (B) Response in a kitten 8 hours old: 
(5) 15 minutes after craniectomy; (6) 6 to 30 seconds after injection of 500 mg of 
the amino acid per kilogram; (7 and 8) 4 and 6 minutes, respectively, after injection. 
(C) Response in a kitten 3 days old: (9) 1.5 hours after craniectomy; (10) 6 to 10 
seconds after injection of 100 mg of the amino acid per kilogram; and (11) 10 to 20 
seconds after injection. (12) Record 30 minutes later, showing spontaneous recovery. 
(D) Response in kitten 4 days old: (13) 20 minutes after craniectomy and 2.5 hours 
after injection of 350 mg of the amino acid per kilogram; (14) 6 to 12 seconds after 
injection of 100 mg/kg; and (15) 3 minutes later. (16) Record showing immediate 
recovery of control responses by rinsing the cortex with Ringer’s solution. (E) Record 
of thalamocortical responses in a kitten 12 hours old: (17) 2 hours after craniectomy 
and 4 hours after injection of 400 mg of the amino acid per kilogram; and (18) 1 
minute after complete abolition of the surface-negative component by injection of 
100 mg/kg. (19) Record showing immediate restoration of surface negativity by brief 
rinsing of the cortex with Ringer's solution, then gradual reappearance of the blockade. 
(20) Record showing a repeat of the recovery-blockade sequence, as in (19). 
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the height of synaptic blockade by 
flushing the cortical surface with 
Ringer’s solution (Fig. 1, D and E). 
Synaptic blockade again developed in 
30 to 60 seconds when rinsing was 
discontinued, presumably due to a 
continued influx of the amino acid 
(Fig. 1E). This sequence (blockade; 
recovery by surface application of 
Ringer’s solution; blockade), once es- 
tablished, was reproducible for 20 to 
40 minutes. At the end of this period 
no further reduction in surface-negative 
components of evoked responses oc- 
curred after a brief rinsing of the 
cortex. Unequivocal synaptic effects of 
systemic y-aminobutyric acid resulting 
from alterations in blood-brain barrier 
activity induced by relatively short 
periods of exposure of the cortex or by 
preloading with the amino acid were 
regularly observed in kittens less than 
10 days old and were rarely seen 2 to 
3 weeks postnatally. 

The presence in newborn cats of a 
blood-brain barrier to a pharmacologi- 
cally active metabolite is suggested by 
the observations that single injections of 
y-aminobutyric acid do not effectively 
alter cortically evoked responses until 
some change has occurred, presumably 
in the interposed elements between 
plasma and neurons which constitute 
this barrier. Then, influx of y-amino- 
butyric acid is signaled by a blockade 
of axodendritic excitatory postsynaptic 
potentials that is rapidly reversed dur- 
ing and immediately after surface ap- 
plication of Ringer’s solution. Rapid 
reversibility, as illustrated in Fig. 1, D 
and E, is seen after topical application 
of the amino acid (6) but has not been 
observed in mature cats with experi- 
mentally induced lesions of the blood- 
brain barrier (8). Apart from any dif- 
ferences in the degree of blood-brain 
barrier damage which may have been 
produced by lipid solvents in mature 
animals and by exposure of the cortex 
in the newborn kitten, differences in 
reversibility may be attributable to the 
presence of a greater number of sub- 
surface axodendritic synapses in the 
mature cortex which are blocked by 
systemic y-aminobutyric acid but are 
inaccessible to Ringer’s solution applied 
to the surface. The rapid reversibility 
of systemic y-aminobutyric acid effects 
observed in the immature animal em- 
phasizes the superficial location of the 
axodendritic synapses blocked by the 
amino acid. This indicates the exist- 
ence of well-developed synaptic path- 
ways in the superficial neuropil of 
immature cortex at a time when its 
spontaneous electrical activity is poorly 
organized. 

Little information has been obtained 
concerning the nature of the processes 
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which operate to prevent blood-borne 
y-aminobutyric acid from gaining access 
to cortical neuronal surfaces, or why 
these mechanisms are so labile in the 
neonatal period. The relative ease with 
which functional changes in the blood- 
brain barrier to injected y-aminobutyric 
acid are produced in newborn kittens 
may be a consequence of the incom- 
plete development of perivascular glial 
elements at birth (9). Since it has been 
shown that in mature animals the blood- 
brain barrier restricts net uptake but not 
rapid exchange of some amino acids 
between plasma and brain amino acid 
pools (/0), a process may be envisoned 
whereby changes in the activity of 
poorly developed amino acid transport 
mechanisms in “immature” glial ele- 
ments could result in the rapid and 
sustained influx of y-aminobutyric acid 
demonstrable in the neonatal animal. 
Alternative hypotheses based on postu- 
lating different permeability properties 
of capillary-glial membranes at different 
stages of maturation may also account 
for the changes in blood-brain barrier 
activity resulting from short periods of 
exposure of the cortex. At present, 
however, it is difficult to interpret the 
effects of loading with y-aminobutyric 
acid or of subsequent test-injections of 
the amino acid exclusively in terms of 
changes in membrane permeability 
ey oe 
D. P, PURPURA 

M. W. CARMICHAEL 
Departments of Neurological Surgery 
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Effects of Veratrine and Cocaine 
on Cerebral Carbohydrate- 
Amino Acid Interrelations 


Abstract. The rate of aerobic trans- 
formation of glucose-U-C!* into radio- 
active amino acids by slices of rat-brain 
cortex is greatly influenced by the K*/Ca™ 
ratio in the incubating medium. Proto- 
veratrine has effects on the amino acid 
pattern resembling that due to an increase 
in the K*/Ca** ratio. These effects are 
antagonized by cocaine and may be cor- 
related with the neurophysiological activi- 
ties of these drugs. 


We have shown (/-—3) that the con- 
version of uniformly (C**) labeled 
glucose into radioactive amino acids 
(glutamic acid, glutamine, gamma 
aminobutyric acid, aspartic acid, and 
alanine) in the presence of slices of rat- 
brain cortex involves processes whose 
rates are markedly influenced by the 
K+/Ca** ratio in the medium bathing the 
slices and by the presence of a respira- 
tory inhibitor such as malonate or of 
small concentrations of a narcotic such 
as Amytal. It was demonstrated that the 
changes in relative yields of the radio- 
active amino acids derived from glucose- 
U-C'* brought about by the presence of 
an increase in K* concentration, and 
by the presence of malonate, may be 
satisfactorily explained on the basis of 
the conclusions that the amino acids are 
derived from glucose by transamination 
of the alpha ketonic acids obtained 
during the operation of the citric acid 
cycle in the brain cell and that the 
potassium ion stimulation of brain cor- 
tex metabolism is due to an acceleration 
of a pace-making step, the oxidation of 
pyruvate by diphosphopyridine nucleo- 
tide to acetyl-CoA. It was further 
demonstrated that the effects of the 
presence of small concentrations of the 
narcotic Amytal on the relative yields 
of radioactive amino acids are ade- 
quately explained on the basis of the 
conclusion that the main effect of the 
narcotic is to suppress the oxidation of 
reduced diphosphopyridine nucleotide 
by cytochrome oxidase and its asso- 
ciated phosphorylations. ; 

It is shown in the results described in 
this report that the presence of cocaine 
and of protoveratrine has effects on 
the relative yields of radioactive amino 
acids from glucose-U-C'* by slices of 
rat-brain cortex which throw light on 
the mode of action of these drugs and 
which may be correlated with their 
known neurophysiological effects. 

The experimental work was carried 
out by the method we have described 
(2). Slices of rat-brain cortex were 


allowed to respire in oxygen at 37°C 
for 60 minutes in 1 ml of Krebs-Ringer 
phosphate medium, pH 7.4, containing 
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5mM glucose-U-C!* (10° count/min). 
After incubation the slices were homog- 
enized in a final volume of 8 ml of 
80-percent ethanol, the homogenate was 
allowed to stand at 5°C for 2 hours, 
and the ethanolic extract was evaporated 
to dryness at 30°C. The dried extract 
was dissolved in 0.5 ml of water, and 
0.4 ml of the extract was chroma- 
tographed two-dimensionally on What- 
man No. 1 paper. 

Measurements of the radioactivities 
of the spots on the paper (correspond- 
ing to the amino acids) have been cor- 
rected for background and are expressed 
as counts per minute for 100 mg of 
tissue (wet-weight); (the initial activity 
of glucose-U-C!* was 10° count/min). 

The results quoted are the means of 
at least four experiments, standard mean 
errors being given. 

Wollenberger (4) has demonstrated 
that the addition of protoveratrine (well 
known for its excitation of the neuro- 
muscular and nervous systems) to slices 
of guinea-pig brain cortex brings about 
large increases in the respiratory rate 
and in the rate of aerobic glycolysis. 
The work of Hill (5), of Schmitt and 
Gasser (6), and of Schmitt (7) had 
suggested this possibility after the 
demonstration that heat production and 
oxygen consumption of peripheral nerves 
are increased by veratrum alkaloids. 
Protoveratrine, like an increase in K+, 
accelerates the rate of oxygen consump- 
tion of the brain cortex in the presence 
of glucose, lactate, or pyruvate but not 
in the presence of succinate. Moreover, 
like an increase in K*, protoveratrine 
is not effective with brain homogenates. 
Stimulation by protoveratrine of the 
respiratory rate of rat-brain cortex in 
the presence of glucose, like stimulation 
due to an increase in K+, is highly 
sensitive to narcotics and to malonate 
(3). There is in fact a striking parallel- 
ism, as was pointed out by Wollenberger 
(4), between the actions of protovera- 
trine, potassium ions, and electric im- 
pulses on brain-cortex metabolism. 

Results given in Table 1 show that 
the addition of 5 xX 10-*M protovera- 
trine to slices of rat-brain cortex in- 
cubated aerobically in the presence of 
glucose-U-C1* gives rise to a radioactive 
amino acid pattern which differs from 
that obtained in the absence of proto- 
veratrine. The difference consists largely 
of increased yields of labeled glutamic 
acid, glutamine, and gamma amino- 
butyric acid, a phenomenon character- 
istic of the effects of an increase in K+ 
(1, 2). Effects of an increase in K+ 
on the amino acid pattern under similar 
experimental conditions are shown in 
Table 2. The changes in the relative 
yields of labeled amino acids brought 
about by the addition of the protovera- 
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Table 1. Effects of protoveratrine and cocaine on radioactive amino acid formation from glucose- 
U-C'4 in the presence of slices of rat-brain cortex. Glucose, 5 mM. Radioactivity is given in counts 
per minute per 100 mg of tissue (wet weight), per 10° counts of glucose-U-C!4 per minute. 











Protoveratrine, 
Protoveratrine, Cocaine, 5 uM; Cocaine, 
KCl, 5mM; : 0.5 mM; cocaine, KCl, 5 mM; 0.5 mM; 
CaCl, KCI, 5 mM; KCl, 5 mM; 0.5 mM; CaCl, nil KCl, 5 mM; 
3.6 mM CaCl, 3.6mM CaCh,3.6mM KCl,5mM; CaCl, nil 
CaCl, 3.6 mM 
Glutamic acid 
5565 + 172 7869 + 276 5928 + 569 5845 + 92 9280 = 365 6846 + 569 
Glutamine 
1302 = 92 1957 = 105 1365 + 96 1079 + 97 1762 + 97 1233 + 58 
Gamma aminobutyric acid 
966 + 57 1832 = 56 795 + 20 739 + 22 1669 + 94 1301 + 23 
Aspartic acid 
1353 = 59 1727 = 56 1751 = 65 1541 + 59 2123 = 65 2003 = 173 
Alanine 
721 = 52 631 = 65 744+ 42 826 = 25 955 + 34 1086 + 42 
O. uptake [mm3/100 mg of tissue (wet ——— 
194+ 53 234+ 6.4 138 = 82 152 = 7.3 232 = 2.1 176 = 6.4 





trine resemble, however, more closely 
the effects obtained when the slices of 
brain cortex are incubated in the Ringer 
medium from which calcium ions have 
been omitted. Results describing these 
effects are given in Table 1. The effects 
of an increase in K* in the presence of 
3.6 mM CaCl, (Table 2) and of the 
absence of Ca*+ in the presence of a 
normal concentration of K* (5 mM 
KCl) (Table 1) are similar but not 
identical; this indicates that, although 
the primary change is due to the in- 
crease in the ratio K+/Ca**, secondary 
effects are due to specific effects of these 
ions. It has been shown (/, 2) that the 
major change, the increased labeling 
of. the amino acids, is due to accelera- 
tion of the conversion of pyruvate to 
acetyl-CoA by an increase in the ratio 
K+/Ca*+. The effects of the addition of 
5 uM protoveratrine, in a normal Ringer 
medium, may be satisfactorily explained 
if the effect of protoveratrine consists 
of immobilization of, or competition 
with, Ca++, resulting in a virtual increase 





in the ratio K+/Ca**. However, a similar 
result would be obtained if the proto- 
veratrine affected the relative permea- 
bilities of Na* and K* in the brain 
cortex, so as to yield, in fact, an in- 
crease in the ratio K*/Ca* in the 
extracellular medium. It is well known 
(8) that the veratrine alkaloids bring 
about marked changes in ion permea- 
bility and bioelectric phenomena, and 
it has been suggested (9) that veratrine 
and Ca*+ compete for sites on the cell 
surface. Gershfeld and Shanes (/0) 
have indeed demonstrated a model 
(monolayers of stearic acid) in which 
there occurs a competition between 
veratrine and Ca**+ for carboxyl groups 
in the fatty acid film. 

It is evident from the results given 
in Table 1 that the action of pro- 
toveratrine on metabolic changes in 
brain cortex in vitro may be satisfac- 
torily explained by the neurophysio- 
logical effect of protoveratrine—that is, 
its antagonism for Ca**. 


If this view is correct, it may be 


Table 2. Effects of cocaine (4mM) on radioactive amino acid formation from glucose-U-C14 in 
the presence of slices of rat-brain cortex. Glucose, 5 mM; CaCl2, 3.6 mM. Radioactivity is given 
in counts per minute per 100 mg of tissue (wet weight), per 10° counts of glucose-U-C!* per minute. 














Cocaine, Effect Cocaine, Effect 
4mM, due to 4mM, due to 
KCl, 5 mM plus cocaine KCl, 105 mM plus cocaine 
KCl, 5mM (%) KCl, 105 mM (%) 
. Glutamic acid 
5565 + 172 7850 = 45 + 41 6208 + 405 9027 = 481 + 45 
Glutamine 
1302 + 92 2823 + 326 +117 2557 + 234 5704 + 474 +113 
Gamma aminobutyric acid 
966 = 57 1237 = 88 + 27 1587 + 114 2081 + 344 + 31 
Aspartic acid 
1353 = 59 1959 + 41 + 45 1418 = 69 1762 + 172 + 24 
Alanine 
721 = $2 1133 + 87 + 57 809 = 54 1407 = 95 + 73 
O2 uptake [mm /100 mg of tissue (wet weight)) 
194+ 5,3 1588 = 7.3 — 18 283 + 8.9 218 = 15.3 —- 23 





413 








expected that the known neurophysio- 
logical antagonism between protovera- 
trine and cocaine (8, J1) will be 
reflected by an antagonism in their 
metabolic effects. 

The results given in Table 1 demon- 
strate that the addition of cocaine 
(0.5 mM) to slices of rat-brain cortex 
incubated in a normal Ringer medium 
brings about a fall in respiratory activity 
with relatively little change in the pat- 
tern of labeled amino acids derived from 
glucose-U-C!*. The addition, however, 
of cocaine to vrotoveratrine in the pres- 
ence of slices of rat-brain cortex not 
only suppresses the stimulation of the 
respiratory rate due to protoveratrine 
but causes a marked change in the 
amino acid pattern, reducing the label- 
ing of glutamic acid, glutamine, and 
gamma aminobutyric acid to approxi- 
mately the same levels found with 
cocaine alone. This result is to be 
correlated with the known effect of 
cocaine in reducing the action of vera- 
trine on ionic exchange and is consistent 
with the conclusion that cocaine 
(0.5 mM) acts in a manner similar to 
Ca**, its presence resulting in an effec- 
tive diminution of the ratio K+/Ca** at 
the brain-cell surface. 

The latter conclusion may be put to a 
further test by examining the effects of 
cocaine (0.5 mM) on the metabolic 
activities of slices of rat-brain cortex 
in a Ca*+-free Ringer medium. If co- 
caine (0.5 mM) can indeed replace 
Ca**, or give rise to a diminished ratio 
K+/Ca*+, the amino acid pattern, as 
well as the respiratory rate, obtained in 
a Ca*+-free medium should change to- 
wards the values obtained in a normal 
Ringer medium. 

The results (Table 1) show that the 
addition of cocaine (0.5 mM) to a 
Ca*+-free medium brings about marked 
falls in the labeling of glutamic acid, 
glutamine, and gamma aminobutyric 
acid and in the respiratory rate, in the 
manner anticipated from the neuro- 
physiological results, but the effects of 
cocaine (0.5 mM) and of Ca** (3.6 mM) 
are not identical. The fall in respiratory 
rate is greater than that expected .if 
cocaine is simply replacing Ca**, and 
the labeling of aspartic acid and alanine 
is not appreciably diminished. 

It is concluded, therefore, that co- 
caine (0.5 mM) exerts a twofold effect, 
essentially replacing Ca*+ (or diminish- 
ing the ratio K+/Ca** by the effects on 
ionic permeability) and diminishing the 
rates of breakdown of pyruvate or 
oxalacetate so that more of these ke- 
tonic acids are available for transamina- 
tion to alanine and aspartic acid. The 
latter effect is consistent with the fall in 
respiratory rate brought about by the 
addition of cocaine. 

In order to explore further the action 
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of cocaine on the metabolic activities of 
rat-brain cortex, the effects of a higher 
concentration (4 mM) of the drug were 
investigated. 

Results given in Table 2 show that the 
presence of cocaine (4 mM) in a normal 
Ringer medium (KCl, 5 mM) brings 
about a marked stimulation in the label- 
ing of all amino acids, the largest effect 
being observed with glutamine. The 
increase in labeling in the total count 
of the amino acids amounts to 54 
percent. It is important to observe, 
however, that the presence of cocaine 
(4 mM) in a Ringer medium containing 
105 mM KCI brings about almost iden- 
tical increases in the labeling of the 
amino acids, the effect again being 
greatest with glutamine. This increase 
in labeling takes place even though the 
presence of K* of high concentration 
has, itself, brought about increases in 
the yields of labeled amino acids. The 
percentage of stimulation in the labeling 
of the amino acid is approximately the 
same whether the concentration of KCl 
is 5 mM or 105 mM. 

Evidently the increased yields of 
labeled amino acids derived from 
glucose-U-C1* by the addition of co- 
caine (4 mM) are not due to an increase 
in the rate of turnover of the citric acid 
cycle, for the respiratory rate falls by 
about 20 percent, with normal or high 
concentrations of K*. It is more reason- 
able to conclude that the increase in the 
yields of labeled amino acids is due to 
an increase in the availabilities of the 
corresponding alpha ketonic acids for 
transamination, through diminution in 
the velocities of oxidation of the ketonic 
acids. This is a problem for further 
investigation (72). 

M. M. KINI 
J. H. QUASTEL 
McGill-Montreal General Hospital 
Research Institute, Montreal, Canada 
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Liquid Scintillation Counting 
of Aqueous Solutions of 
Carbon-14 and Tritium 


Abstract. A method is reported where- 
by aqueous solutions containing weak beta 
emitters are dispersed as stable emulsions 
in liquid scintillator counting solutions. 
This permits the routine counting, with 
about 10-percent efficiency, of large num- 
bers of samples containing tritium. Self- 
absorption does not present a problem 
when less than 5 percent aqueous phase 
is present. 


The lyophobic nature of the common 
solvents (J; 2, p. 185) used in liquid 
scintillation counting imposes a_ re- 
striction upon the biological materials 
whose radioactivity can be determined 
in homogeneous solution. Various ad- 
ditions can be made to the solvent to 
increase its ability to dissolve water 
and certain aqueous solutions, but this 
usually results in a considerable loss 
of counting efficiency (3). This lowered 
efficiency is particularly great when the 
biologically very useful but weak beta- 
emitter tritium is used. 

In addition, methods have been de- 
veloped for counting solid insoluble 
materials as a suspension (4) or em- 
bedded in a gel (5). Aqueous solutions 
have been counted by the use of spiral 
tubes (6), sheets (7), or fibers or beads 
(8) of plastic scintillator. The scintil- 
lator is relatively expensive, and the 
counting efficiency is low for weak 
beta emitters. Raden (9) has described 
attempts to count emulsions, but states 
that tritium cannot be counted in his 
system and that a continuous break- 
down of the emulsion occurs. 

In preliminary experiments, it was 
hoped that treatment with ultrasound 
of a mixture of viscous counting solu- 
tion and aqueous solution of radio- 
activity would create a stable emulsion 
which could be counted. A series 600 
Narda ‘“SonBlaster,” with a maximum 
output of 60 watts at 40 kcy/sec, was 
used to prepare the samples in 20-ml 
low-potassium glass vials obtained from 
the Wheaton Glass Company. Count- 
ing was done in a Packard Tri-Carb 
liquid scintillation counter. In one ex- 
periment, the viscosity of a toluene 
counting solution was increased by the 
incorporation of various amounts of 
Thixcin R (a modified technical hy- 
droxystearin) obtained from the Baker 
Castor Oil Company. Gels could be 
obtained readily, but the emulsions 
produced with ultrasound were not 
stable. In another experiment, a count- 
ing solution was prepared with a heavy 
mineral oil to replace the toluene. It 
was found that benzoic acid—C™ could 
be counted with a 56-percent efficiency 
and toluene-H® with a 6-percent effi- 
ciency. However, emulsions produced 
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with this counting solution were not 
sufficiently stable to be used routinely. 

Addition of any of a number of de- 
tergents to the toluene-Thixcin count- 
ing solution mixture gave stable emul- 
sions. In Table 1 are shown the 
results when variable amounts of Hya- 
mine 10-X _ [p-(diisobutylcresoxyethox- 
yethyl)dimethylbenzylammonium _chlo- 
ride monohydrate], in the form ob- 
tained from Rohm and Haas Company, 
were incorporated by vigorous shak- 
ing at room temperature into a mixture 
of toluene counting solution, Thixcin R, 
and 1 ml of an aqueous solution of 
glucose-U-C™ or sodium benzoate—C™. 
The efficiency increased with increasing 
concentration of Hyamine although, 
visually, the emulsion appeared to be 
stable at 0.5 percent Hyamine. The effi- 
ciency at 5 percent Hyamine was about 
78 percent of that given by dissolving 
benzoic acid—C™ in the toluene count- 
ing solution. 

The usefulness of the method was ex- 
plored further by using tritiated water 
and thymine-H®* in water. Samples with 
and without Thixcin, and containing 
increasing amounts of Hyamine, were 
prepared and counted repeatedly over 
a 5-day period. Those samples without 
the gelling agent invariably showed a 
progressive decrease in counting rate, 
while those containing lower concentra- 
tions of Hyamine gave very poor effi- 
ciencies. When the gelling agent was 


Table 1. Effect of Hyamine concentration on 
counting efficiency of C’* compounds. 





Percent efficiency 








Percent 
Hyamine Sodium 
Glucose-U-C*** benzoate-C"+ 
: 42 3.7 
0.25 31.3 34.6 
05 36.1 34.3 
5 37.5 45.0 
2.5 44.3 6 
50 52.2 51.5 





* 3 percent Thixcin R gel. 
R gel. 


+ 4 percent Thixcin 


Table 2. Effect of Hyamine concentration on 
counting efficiency of tritium compounds 
(water and thymine). 





Percent efficiency 











Percent : 
Hyamine Days after sample preparation 
0 1 5 
Water 
0.25 3.49 3.74 3.99 
2.5 9.14 8.87 8.69 
5.0 9.61 8.64 8.67 
Thymine 
0.25 3.31 3.82 3.74 
ao 8.97 9.00 8.87 
5.0 10.53 10.21 10.05 
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present, together with sufficient Hya- 
mine to give an emulsion, there seemed 
to be little difference in stability or ef- 
ficiency when the emulsion was formed 
either by vigorous shaking by hand 
or by subjecting the mixture to ultra- 
sound for 15 minutes. The ultrasound 
treatment did give higher counting 
rates than those obtained by shaking 
when suboptimal amounts of Hyamine 
were present. As is shown in Table 2, 
there is a tendency toward a decreased 
efficiency during the first day of stand- 
ing. This could be due to settling but 
might also be due to quenching asso- 
ciated with a resorption of oxygen 
which had been removed during the 
ultrasonic treatment. The counting ef- 
ficiency with 5 percent Hyamine is 
about the same as that observed when 
toluene-soluble tritiated compounds are 
dissolved in the same counting solu- 
tion without Thixcin and Hyamine. 
This is not due to solubility in toluene 
because of the Hyamine, since identical 
samples without Thixcin present gave 
considerably lower counting rates (of 
the order of a few percent), and this 
rate diminished progressively on stand- 
ing and breaking of the emulsion. 

Increasing amounts of an aqueous 
solution of H*-thymidine were dispersed 
in a 3 percent Thixcin—5 percent Hya- 
mine counting solution. Good repro- 
ducibility was observed in replicate 
samples. Visually, there appeared to 
be large differences in the types of 
emulsions formed when _ different 
amounts of aqueous phase were pres- 
ent. With 0.5 percent water present, a 
homogeneous solution was obtained at 
room temperature, but at the freezer 
temperature these samples were cloudy. 
Stable emulsions were difficult to ob- 
tain in the range of 10 to 20 percent 
water, but above 20 percent water a 
thick, stable paste was again obtained. 
There was almost a linear increase in 
observed counts with increase in radio- 
active solution added, up to a con- 
centration of 5 percent, and it is proba- 
ble that it is in this range that the 
greatest usefulness of the method re- 
sides. However, when greater than 15 
percent water is present, a situation 
similar to an infinitely thick sample in 
planchet counting prevails and gives 
counting rates independent of amount 
of sample added. 

At, the present time, the general 
method used is as follows: 1 ml of the 
sample is dispensed into a counting 
vial to which is added 19 ml of a warm 
solution of 0.4 percent 2,5-diphenyl- 
oxazole, 0.01 percent  1,4-di-2-(5- 
phenyloxazolyl)-benzene, 3 percent 
Thixcin R, and 5 percent Hyamine 
10-X in toluene. After brief manual 
shaking, the sample bottles are sub- 
jected to ultrasound for about 15 min- 


utes. After a brief additional shake (to 
remove gas pockets), the samples are 
stored in the counter for 24 hours 
prior to counting. Development of new 
air pockets during this time does not 
appear to affect the counting rate. When 
a large number of identical samples 
were counted by this method, a stand- 
ard error of less than 5 percent re- 
sulted (J0). 
JacoB SHAPIRA 

WILLIAM H. PERKINS 
Radioisotope Service, 
Veterans Administration Hospital, 
Little Rock, Arkansas 
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Sensitive 47 Detector for 
Scanning Radiochromatograms 


Abstract. In an effort to obtain improved 
sensitivity in scanning unidimensional ra- 
diochromatograms of compounds labeled 
with weak beta-emitters, a detecting system 
was devised which simultaneously scans the 
upper and lower surfaces of the chromato- 
gram. The instrument embodies substantial 
improvements based on the operation of a 
prototype. 


When radiochromatograms emitting 
low-level or low-energy radiation are 
scanned, electronic amplification may be 
used to increase the height of recorded 
peaks. However, radioactive zones on a 
chromatogram can be located with 
greater reliability when the difference 
between background rate and rate due 
to a radioactive spot is as large as pos- 
sible. Detectors exhibiting high sensi- 
tivity and low background can thus be 
used to advantage when critical condi- 
tions are encountered. 

The inexpensive and simple instru- 
ment described in this report (J) was 
designed for high sensitivity and was 
found to be useful for scanning radio- 
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chromatograms of weak beta-emitters. 
Several months of use has shown it to be 
an eminently satisfactory instrument. It 
has a low background rate, and its sensi- 
tivity is equal to, or better than, that of 
the single windowless detectors with 
which it was compared. Since even 
thinner windows than that used (about 
0.85 mg/cm*) may be installed, still 
higher sensitivity may be achieved with- 
out sacrificing the advantages of closed 
tubes. However, for detection of very 
weak beta-emitters, such as tritium, dual 
windowless detectors should prove par- 
ticularly useful. 

Figure 1 shows structural details 
of the scanner. A and B are side 
views of the upper and lower alumi- 
num blocks. Threads for Teflon plugs 
are not shown. C is a top view (corre- 
sponding to B), and D is a front view 
(corresponding to A). F and G are sec- 
tions through the side and front, respec- 
tively, of Teflon plugs; a is a binding 
post for copper wire from the anode, b 
is a gas-tight solder joint where copper 
wire passes through a hollow screw 
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into 0.055-in. hole c to solder joint d 
with anode wire e. Gas enters or leaves 
through the stainless-steel gas nipple f. 
The arrangement of the connections to 
Teflon plugs is shown in H and 7 for 
both sides of the blocks. E is a top view 
of the brass slide, and J is an enlarged 
cross section through the side, showing 
a beveled slit (g, bevel facing away from 
the chromatogram), a countersunk 
screw-hole (), and the smoothly-beveled 
leading edge of the slide (i). The bolts, 
visible in Fig. 2, are not shown. 

Additional materials required are four 
straight copper wires, 5 to 6 in. long, 
B&S gauge 18, flattened on one end; two 
anode wires, about 2.5 in. long, of stain- 
less-steel surgical wire suture, 40 gauge; 
material for windows (such as Du Pont 
Mylar polyester film, 0.00025 in. thick), 
1.25 by 1.55 in. in area; and cement for 
affixing windows (such as Du Pont Duco 
cement). 

The procedure for assembly is as fol- 
lows. The flattened portion of a copper 
wire is folded, the anode wire is in- 
serted, and the folded portion is crimped 
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Fig. 2. (Left). Complete assembly of scanner. The lead shield and the insulation for the 
anode terminals are not shown. (Right) Radiochromatographic profiles; see text. 
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and soft-soldered. The copper wire is 
pushed through the center hole of a 
Teflon plug, the soldered joint being 
well recessed into the hole. The seal to 
hollow screw b (F, Fig. 2) is made with 
soft solder, and the wire is connected to 
binding post a. After another copper 
wire has been attached to the anode, it 
is lowered through the detector hole into 
a previously inserted second plug. After 
tightening of the plugs, during which 
twisting of the anode should be avoided, 
the copper wire is gently pulled taut 
and soldered and connected as before. 
Applying silicone grease to the threads 
assures a gas-tight seal. 

The window is placed on a film of 
cement and stretched taut; pressure is 
required to obtain airtight closure. 
Finally, the brass slide is screwed in 
place. The steps in the assembly of the 
second detector are identical. 

Because the metallic blocks serve as 
cathodes, connection is conveniently 
made to one of the four bolts. Provision 
for insulating the terminals to prevent 
shock due to accidental shorting should 
be made by use of plastic caps or in- 
sulating tape. Helium saturated with 
ethanol at 0°C is satisfactory for flush- 
ing the detectors. 

The useful plateau for such a system 
is approximately 150 volts, lying be- 
tween 1275 and 1425 volts, with a slope 
of less than 4 percent per 100 volts, with 
helium-ethanol. Background, measured 
for 2 hours at an operating potential of 
1350 volts with a commercial scaler and 
detectors shielded with 2-in. lead bricks, 
was 17.7 count/min. 

The performance of the instrument is 
demonstrated in Fig. 2. Carbon-14 pro- 
files of the radiochromatogram were ob- 
tained, in ascending order, with a 
helium-organic quenched 1.5 mg/cm* 
commercial Geiger-Miiller tube, proto- 
type detector (2), detector described 
above, and a commercial windowless 
flow counter. 

Slit width was ¥% in. in all except 
the uppermost profile, where sections 
¥ in. long were cut from the strip and 
counted in a sample changer. Scanning 
data: time constant, 40 sec.; scanning 
rate, 6 in./hr; full scale, 1000 count/ 
min. In another experiment, sensitivity 
to iodine-131 exceeded that of a com- 
mercial windowless scanner by approxi- 
mately 10 percent. 

Transport of the paper strip was 
achieved by taping one end to the 
recorder chart as shown in Fig. 2. De- 
pending upon the thickness and length 
of the strip, this will result in a deviation 
between the length of chart and the 
chromatogram (2). Radioactive markers 
may be used to correlate chart with ra- 
dioactive areas, since the deviation is 
linear. For strips of moderate length 


SCIENCE, VOL. 131 





and 1 
What 
are 
the 
is no 
any 
tapec 


Depe 
Nutr 
Med 


Lun 


lumi 
chre 
valu 
rela’ 
leng 
criti 
or 4 


loss 
tras 
his 

usu: 
the 

trur 
deu 
fror 
700 


by 

ure 
rect 
bas 
tior 
lum 
vis 
obt 
dic 
tior 





ntly 
sion 
vent 
yuld 


vith 
ush- 


was 

the 
De- 
igth 
tion 

the 
cers 


1 is 
igth 
131 





and thickness, such as 12-in. lengths of 
Whatman No. 1 paper, the differences 
are virtually negligible. Furthermore, 
the deviation is not cumulative, and it 
is no greater for a single one than for 
any one of a number of similar strips 
taped together end to end. 

LoTHAR L. SALOMON 
Department of Biochemistry and 
Nutrition, University of Texas— 
Medical Branch, Galveston 
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Luminosity Losses in Deuteranopes 


In 1958 Heath (17) published some 
luminosity curves for normal and di- 
chromatic subjects. The luminosity 
values are given as the reciprocals of 
relative energies of different wave- 
length bands required to provide a 
critical flicker frequency of 20, 25, 30, 
or 40 flashes per second. 

Heath found the usual luminosity 
loss for protanopic subjects as con- 
trasted with normal subjects. However, 
his findings for deuteranopes were un- 
usual. Instead of a luminosity loss in 
the blue and green regions of the spec- 
trum, he found a luminosity gain for 
deuteranopes in the spectral region 
from about 520 my into the red beyond 
700 My. 

The results obtained on deuteranopes 
by Heath with the critical flicker meas- 
urements are not in accord with some 
recent foveal luminosity measures 
based on foveal threshold determina- 
tions (2) and on the determination of 
luminosities for different levels of 
visual acuity (3) [see also the data 
obtained by Boynton et al. (4) on single 
dichromats by a rapid chromatic adap- 
tion method]. 

The fact that Heath’s results may 
not be in accord with those obtained 
by the other methods may be due to 
a number of factors, including the pos- 
sibilities. (i) that the method involving 
equality of flicker may provide condi- 
tions that give rise to special wavelength 
effects, and (ii) that Heath’s criteria 
for the selection of deuteranopes were 
different from those used by the other 
investigators. We have found a height- 
ened sensitivity comparable to that re- 
ported by Heath for wavelengths longer 
than about 500 my in two subjects, one 
protanomolous, the other deuteranomol- 
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ous. Such cases merit further study, 
and flicker criterion data should be 
correlated with data obtained by other 
methods. 

Heath’s conclusions, taken at face 
value, seem to bolster a position upheld 
by Walls (5), among others—that is, 
that luminosity losses do not occur in 
deuteranopes. The evidence cited here 
indicates that deuteranopes can, and 
that many do, lose luminosity in the 
green and blue regions of the spectrum. 

C. H. GRAHAM 

Yun Hsia 

Department of Psychology, Columbia 
University, New York, New York 
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J. W. Onley, 


The question of whether deuter- 
anopes show losses or gains in lumi- 
nosity, quite apart from the two 
possibilities suggested by Graham and 
Hsia, may lie in one’s definition of 
“luminosity.” Curves of reciprocals of 
foveal threshold energies—that is, cone 
sensitivity curves—representing the en- 
velope of the individual sensitivity 
curves of only the most dark-adaptable 
of the several receptor types, cannot 
be regarded as “luminosity” curves in 
the same sense as curves of reciprocals 
of energies required for a_ given 
photopic effect [for example, a con- 
stant brightness, or a particular critical 
frequency of flicker fusion (CFF)] 
where interaction, summation, inhibi- 
tion, and adaptive effects may markedly 
alter the respective contributions of 
each type of receptor (/). The “spe- 
cial wavelength effects” of the tre- 


mendous difference in adaptation levels 
between threshold and photopia are by 
no means yet fully known, but inter- 
pretation of threshold data in terms of 
luminosity losses or gains would imply 
that, whatever the adaptive effects, they 
must be independent of wavelength, so 
that an observer’s threshold sensitivity 
curve would be identical in shape to 
his photopic luminosity curve. A mass 
of evidence to the contrary exists (2). 
Moreover, the threshold method re- 
quires the further assumption that the 
relationship between the thresholds of 
normal, protanope, and deuteranope 
subjects is the same as the relationship 
beween their photopic luminosities— 
that is, that the rate of increase in sub- 
jective brightness with increased stimu- 
lus intensity is identical for all observ- 
ers as well as for all wavelengths. 
Figure 1 demonstrates the changing re- 
lations found among our observers at 
photopic levels with the CFF method, 
and the results of such changes if 
extrapolated to the “cone threshold” 
level—results which resemble those 
found by Hecht and Hsia (3). 

With regard to the selection of sub- 
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Fig. 1. Logarithms of the ratios of spec- 
tral energy requirements of protanopes 
(dotted lines), normal subjects (solid 
lines), and deuteranopes (dashed lines), to 
the normal requirements for four flicker- 
fusion frequencies. “Cone threshold” data 
were derived by linear extrapolation to 
the zero CFF level. 
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jects, the criteria (4) used were perhaps 
more rigorous than those employed by 
some other investigators (5). Concord- 
ance of the results of the selection 
tests could not, of course, rule out the 
possibility that the six deuteranopes 
and nine normal subjects were not truly 
representative of their respective popu- 
lations in sensitivity and luminosity. 
In this regard it is of interest to note 
that Boynton’s (6) normal subject was 
quite unlike Hsia and Graham’s nor- 
mal subjects and that his deuteranope 
and protanope showed virtually ident- 
ical foveal thresholds, from 410 to 
540 mp, in marked contrast to the loss 
of sensitivity of deuteranopes relative 
to protanopes in this spectral region 
found by Hsia and Graham, but in 
excellent agreement with our (photopi- 
cally determined) identity of this sec- 
tion for all subjects at all brightness 
levels. 

Gorpon G. HEATH 
Division of Optometry, 
Indiana University, Bloomington 
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W. Onley, 


Site and Mechanism of 
Tick Paralysis 


Abstract. A neurophysiological investi- 
gation indicates that the paralysis pro- 
duced in the dog by the wood tick, 
Dermacentor andersoni Stiles, is due to 
failure in the liberation of acetylcholine 
at the neuromuscular junction because of 
a conduction block in the somatic motor 
fibers produced by the tick “toxin.” 


Tick paralysis, an acute ascending 
flaccid paralysis which may terminate 
in respiratory failure, affects animals 
and humans. It is caused by the feeding 
of the female tick, which is believed 
to secrete a neurotoxin in its salivary 
glands (7). As the common wood tick, 
Dermacentor andersoni Stiles, has been 
responsible for most of the cases in 
North America, the disease has, accord- 
ingly, been largely confined to the 
northwestern United States and the ad- 
joining southwestern region of Canada. 
Human cases have been recorded re- 
cently in the eastern and southern 
United States, due largely to the com- 
mon dog tick D. variabilis Say (2). 
This indicates a more widespread dis- 
tribution of the disease than is generally 
recognized. Over 300 cases of tick 
paralysis in humans have been recorded 
on this continent, with a mortality of 
approximately 12 percent (3). As re- 
moval of the tick ensures. recovery 
except when the patient is moribund, 
early diagnosis of the disease is desir- 
able to avoid fatalities. 

In order to determine the site and 
the pathological mechanism of the 
paralysis, a neurophysiological study 
was carried out on mongrel dogs which 
were paralyzed by applying the ticks 
D. andersoni Stiles. The disease pro- 
duced in the dog closely resembles that 
in the human; in the severely para- 
lyzed animal the muscles are flaccid 
and the tendon reflexes are absent. 

The anterior tibial muscle was 
selected for study because it was found 
to be involved early in the paralysis. 
The first significant observation was 
that this muscle responded to direct 
electrical stimulation but failed to con- 
tract when stimulated through the per- 
oneal nerve (4). This finding indicated 
either that the motor nerve fibers could 
not conduct a nerve impulse or that 
there was a block at the neuromuscular 
junction. When the sixth lumbar ven- 
tral root was stimulated, an action 
potential was recorded from the pero- 
neal nerve, indicating that motor nerve 
fibers were conducting an impulse (5). 
The muscle, which failed to respond 
to nerve stimulation, contracted when 
acetylcholine was injected intra-arterial- 
ly directed into the muscle. Indeed, the 
paralyzed muscle exhibited an increased 
sensitivity to acetylcholine (6), a con- 
dition which occurs in denervated 





muscle. The response to acetylcholine, 
to antagonists of blocking agents, and 
to repetitive stimulation indicated that 
the paralysis did not resemble that 
produced by the known blocking agents 
—for example, curare or decame- 
thonium—or by excessive doses of 
anticholinesterases, but was similar to 
that in botulinum toxin poisoning (5). 
The latter has been shown to be prob- 
ably due to a block in the small ter- 
minal motor nerve fibers (7). 

When a paralyzing dose of succinyl- 
choline was injected into normal and 
tick-paralyzed anesthetized dogs and a 
wick electrode was swept across the 
under surface of the anterior tibial 
muscle, small areas of depolarization 
could be consistently detected and lo- 
cated; these represented depolarized 
end-plate regions. When the peroneal 
nerve was stimulated intermittently in 
normal dogs, each nerve impulse pro- 
duced a transient potential (end-plate 
potential) which could be _ recorded 
from each located end-plate region; 
in tick-paralyzed dogs, however, end- 
plate potentials could not be detected 
at located end-plate regions during 
nerve stimulation, which suggested that 
acetylcholine was not being liberated 
at the nerve terminal (6). 

In order to prove conclusively that 
tick paralysis is due to failure in the 
liberation of acetylcholine; . paralyzed 
and normal anterior tibial muscles 
were perfused with Ringer’s solution 
and the acetylcholine liberated into the 
perfusate was estimated. While acetyl- 
choline was liberated by the normal 
muscle (6 X 10° gm per nerve vol- 
ley) during nerve stimulation, none 
was liberated by the paralyzed muscle 
on stimulating either the nerve or the 
muscle directly (8). Emmons and Me- 
Lennan (9) have shown recently that 
the muscles of the perfused hind leg of 
the tick-paralyzed ground hog also fail 
to liberate acetylcholine when the 
sciatic nerve is stimulated. 

The inability of nerve or direct 
muscle stimulation to liberate acetyl- 
choline could be due to (i) failure of 
the terminal motor nerve fibers to con- 
duct the nerve impulse, or (ii) defec- 
tive storage, synthesis, or release of 
acetylcholine at the nerve terminals. 
When the paralyzed muscle was per- 
fused with Ringer’s solution contain- 
ing four times the normal concentra- 
tion of potassium, acetylcholine was 
liberated, indicating that it is available 
at the nerve terminals. Recent evidence 
indicates that choline acetylase, the 
enzyme required for acetylcholine syn- 
thesis (10), and probably acetylcholine 
(11) are produced in the nerve cell 
and migrate down the axon. In five 
normal dogs, the mean number of 
milligrams of acetycholine liberated 
per gram of acetone powder per hour 
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Fig. 1. Nerve action potentials recorded 


(A) in normal dog at sciatic-peroneal 
nerve, and (B) in moderately paralyzed 
dog at sciatic-peroneal (above) and per- 
oneal nerve at fibula (below). Note dif- 
ference in calibration between A and B. 


(= choline acetylase activity), + the 
standard error, for anterior motor 
roots and peroneal nerve, were 15.6 + 
0.7 and 1.3 + 0.5, respectively. The 
respective values in nine paralyzed 
dogs were 13.6 + 1.8 and 1.2 + 0.2. 
The acetylcholine content (mean + 
§.E.) in micrograms per gram of an- 
terior motor roots and sciatic-peroneal 
nerve were 8.4 + 0.9 and 2.0 + 0.3, 
respectively, in four normal dogs, and 
12.2 + 3.1 and 2.5 + 0.7, respectively, 
in three paralyzed dogs. No significant 
difference exists between normal and 
paralyzed animals in either case. In the 
estimation of choline acetylase activity, 
another enzyme system is included to 
produce acetyl coenzyme A, which sup- 
plies the active acetyl for the synthesis 
of acetylcholine from choline by choline 
acetylase. In order to exclude the pos- 
sibility that deficiency of this cofactor 
and of the substrate are responsible 
for the paralysis, acetyl coenzyme A 
and choline were injected into a par- 
alyzed dog, but they failed to counter- 
act the paralysis (8). MacIntosh (/2) 
has recently emphasized the impor- 
tance of the. calcium ion, carbon 
dioxide, and the _ chloroform-soluble 
dializable plasma factor for acetyl- 
choline release. When calcium salts 
were injected and carbon dioxide in- 
creased on inducing asphyxia, and 
when part of the plasma of the tick- 
paralyzed dog was replaced by plasma 
from a normal dog, no lessening of 
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the paralysis occurred. All this evidence 
indicated that tick paralysis is due 
neither to defective synthesis or storage 
of acetylcholine nor to absence of re- 
lease factors, but apparently must be 
due to inability of the nerve impulse 
to traverse the terminal motor nerve 
fibers. 

At this stage it was decided to re- 
investigate conduction in motor nerve 
fibers, because in the initial study in 
1956, although conduction had been 
demonstrated to be present, the meas- 
urements were not complete. In the 
reinvestigation (/3) the sixth lumbar 
ventral root was stimulated and the 
nerve action potentials were recorded 
with silver-silver chloride surface elec- 
trodes at three sites. The sciatic- 
peroneal nerve in the thigh was laid 
on a triple pole electrode, the sciatic 
lying on the uppermost pole, and the 
peroneal on the lower two. Recording 
from the upper two poles was desig- 
nated S-P; from the lower two, P,. The 
peroneal nerve, where it winds round 
the neck of the fibula, was laid on a 
double pole electrode and this record- 
ing site was designated P,. In six nor- 
mal dogs the potentials recorded at any 
one of the three sites consisted of (i) 
an initial single biphasic potential of 
small amplitude (mean 0.7, 0.24, and 
0.1 mv at S-P, P,, and P;, respectively), 
and (ii) subsequent multiple potentials 
of large amplitude (5 to 10 times that 
of the initial). In four moderately 
paralyzed dogs the mean amplitudes of 
the intial simple and subsequent mul- 
tiple potentials were approximately 14 
and 1/18, respectively, that of the nor- 
mal, and the conduction velocity of 
the multiple potentials was significantly 
decreased (see Fig. 1). In four severely 
paralyzed dogs, only one biphasic po- 
tential of very small amplitude was re- 
corded at each site. 

These results indicate that tick paral- 
ysis is due to a defect in conduction 
of motor nerve fibers and that the tick 
“toxin” evidently exhibits a predilec- 
tion for the slower conducting, smaller 
diameter fibers. Since direct stimulation 
of the perfused paralyzed muscle failed 
to liberate acetylcholine, a conduction 
block in the small-diameter terminal 
motor fibers must also be present 
(74). 

MAuRICE F. MURNAGHAN 
Department of Pharmacology, 
University of Ottawa, 
Ottawa, Ontario, Canada 
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J. Biochem. and 


In vitro Culture of Ehrlich 
Ascites Tumor Cells 


Abstract. The successful culturing and 
subculturing of ascites tumor cells for 80 
odd days are described, as well as the 
growth pattern of these cells during this 
period. The cytological appearance of cells 
after 3 weeks in tissue culture and reinocu- 
lation into mice is also presented. 


Following the successful culturing of 
both normal and abnormal cells by 
Puck and his associates, we have used 
the basic suggested medium of Marcus, 
Ciecura, and Puck (/), with a slight 
modification, to grow Ehrlich ascites 
tumor cells. The medium was modified 
by the substitution of horse serum for 
the calf serum and chick embryo ex- 
tract employed by the above-named au- 
thors (J). It has not been necessary at 
any time to use spleen monocytes (2), 
explants of normal cells (3), or normal 
rat fibroblast cultures (4), or any ad- 
junct in order to obtain a successful 
pure culture of Ehrlich ascites tumor 
cells. 

To date, the Ehrlich ascites tumor 
cells have been maintained some 80 
odd days and have been subcultured 
three times during that period; each 
culture is still active. The complete nu- 
trient solution found to produce lux- 
uriant growth on more than one oc- 
casion was made up of 45 percent 
Hanks’ saline, 40 percent Puck’s nutri- 
ent solution, and 15 percent horse 
serum. This is in contrast to Puck and 
Marcus’ attachment solution of 40 per- 
cent nutrient solution, 5 percent calf 
serum and chick embryo extract, and 
55 percent Hanks’ saline (/). 

The Ehrlich ascites tumor cells were 
aseptically harvested from a CF: male 
mouse bearing a 5-day-old intraperi- 
toneal tumor and were transferred to 
a sterile 200-cm* rubber-sealed, screw- 
capped milk dilution bottle gassed with 
5 percent CO: and 95 percent air. The 
cultures were begun with a _ high 
population cell density, one culture 
with 5 x 10° cells and the other with 
2.5 x 10° cells. The cells were main- 
tained in a fluid culture without agita- 
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tion. The cultures were fed approxi- 
mately once a week, at which time 5 
ml was decanted, cells and all, and 5 
ml of new medium was added. The 
bottles were then gassed with 5 percent 
CO: and 95 percent air and placed on 
their sides in an incubator maintained 
at 37°C. The cells removed from the 
culture bottle were centrifuged down, 
stained with aceto-orcein, and examined 
to determine cell size, number of mito- 
tic figures, and types of cellular abnor- 
malities. 

At regular intervals (usually 24 
hours), the culture bottles were ex- 
amined microscopically. At 48 hours, 
the cells appeared normal in cell size 
and shape and had not adhered to the 
glass surface. In a few days, the ma- 
jority of the cells could still be found 
as a free-floating cell population, al- 
though many of them began to stick to 
the glass surface. Those cells in suspen- 
sion remained as_ single spherical 
cells, and even those on the glass re- 
tained their spherical shape. With time, 
the majority of the cells had adhered 
to the glass and could be seen to form 
groups which eventually met to form 
sheets of cells. 

At 21 days post inoculation, cells 
were aspirated from the tissue culture 
and injected into the peritoneal cavity of 
four CF: mice. An ascites tumor de- 
veloped in three of the mice inoculated. 
Cytological examination of the cells 
showed that there was 14 percent spon- 
taneous abnormality present in addition 
to 10 percent polyploidy. The original 
tumor cells contained 4 percent spon- 
taneous abnormality in the form of 
chromosome bridges or fragments, or 
both, and approximately 2 to 3 percent 
polyploidy. While the average ascites 
cell is about 15 y» in diameter, some of 
the polyploid tissue culture cells meas- 
ured 27 to 36 x. In addition to the poly- 
ploids present after 21 days in tissue 
culture, there were a number of abnor- 
mal ascites cell types. Some cells con- 
tained eight or more nuclei, possibly 
owing to inability of the cell to divide, 
while others were filled with micro- 
nuclei which may indicate blocked and 
degenerating metaphases. It is yet to 
be determined whether the polyploid 
cells or the other abnormal cell types 
are reproductively active, or merely 
sterile metabolizing cells. 

Thirty-nine days after the initial date 
of the successful culturing of the 
Ehrlich ascites tumor cells, four mice 
were again inoculated. Two days later, 
one mouse was killed, and its peritoneal 
cavity was washed with saline to obtain 
any cells present. Approximately 100 
cells, or one-tenth of the number inocu- 
lated, were intact and recognizable as 
ascites cells. One month after inocula- 
tion, the remaining three mice had not 
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yet produced the visibly distended ab- 
domen characteristic of ascites growth. 

Again, 55 days after the initiation of 
the tissue culture, approximately 4000 
cells were inoculated into each of eight 
mice. To date, it would appear that no 
tumor growth will take place, indicat- 
ing that continued time in tissue cul- 
ture enables fewer and fewer cells to 
retain the potency to produce an ascites 
tumor. That is, as Klein stated it (5), 
“the normal ancestor cell of a given 
tumor may exist in low frequency only” 
and then may exist no longer. 

An attempt to trypsinize the cells at- 
tached to the glass top of the culture 
bottle was made by replacing the me- 
dium with 5 ml of 0.5-percent trypsin 
in Hanks’ saline for a period of 35 
minutes at 37°C. At the end of this 
period there was no evidence that the 
cells had been dislodged from the glass 
surface. A sterile spatula was finally 
employed to scrape the cells from the 
bottle into the saline. A subculture 
was then made by aspirating 2 ml of 
the “trypsinized” cells from the original 
culture and transferring them to an- 
other milk dilution bottle containing 8 
ml of fresh medium. The only difficulty 
attached to the scraping procedure de- 
scribed is the enhanced possibility of 
contamination, although healthy, active 
subcultures were obtained by _ this 
method. 

In addition to the above-mentioned 
subcultures, 60-mm petri dishes were 
prepared with 0.5 ml of fresh medium 
to which approximately 500 cells as- 
pirated from the culture medium were 
added. Growth and division did not ap- 
pear to occur, but it was found that 
the cells would do well if old medium 
—that is, medium in which other cells 
had been growing—was filtered and 
used in place of the new. Five days 
later, a cell count showed that approxi- 
mately 10,000 cells were then present. 

One of the most interesting aspects 
of our experience with the growth of 
the ascites cells in tissue culture is the 
cells’ unconventional mode of attach- 
ment to a glass surface. When the cells 
are obtained from the animal, they are 
suspended in ascitic fluid, and they re- 
main suspended for about 3 weeks in 
tissue culture medium. It is then that 
the culture appears to be dying out, 
since fewer cells are suspended in the 
medium. However, the cells are now 
found to be growing on the roof and 
sides of the culture bottle, completely 
out of the tissue culture medium, and 
only a few cells remain suspended in the 
medium. The cells clinging to the roof 
and sides were.only in contact with the 
medium once every 24 hours, when the 
culture bottle was inverted for micro- 
scopic examination. Certainly, the 
growth is not characteristic of the ma- 





jority of cells in tissue culture—for ex- 
ample, Hela, Mepi, amnion, and rat 
mammary adenocarcinoma cells. This 
growth pattern was duplicated in smal- 
ler test tubes with 2 ml of medium and 
approximately 2500 cells. Within a few 
days, it was seen that many cells grow- 
ing in the medium became fibroblast- 
like in appearance, while this form was 
never seen in cells outside the medi- 
um. In time, the growth on the roof 
and sides of the test tube became great- 
er than that in the medium. The cells 
on the roof appeared in groups which 
might be merely accumulations of cells 
or colonies derived from single cells. 
From our study of the Ehrlich as- 
cites tumor cells in tissue culture, it 
has become evident that the cells can 
be grown in an environment with a 
thin layer of nutrient renewed at inter- 
vals, high humidity, and an atmosphere 
of 5 percent CO:. Further experiments 
are now in progress to study the pecu- 
liar growth pattern as well as the be- 
havior of the ascites tumor cells on a 
completely synthetic medium—that is, 
one eliminating the use of horse se- 
rum (6). 
ELEANOR E, DESCHNER 
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Columbia University, New York, and 
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Acyl N —> O Shift in Poly-DL-Serine 


Abstract. It has been demonstrated that 
concentrated sulfuric acid causes the poly- 
peptide, poly-pL-serine. (MW~5000), to 
rearrange to the polyester, to the extent of 
70 percent of the original number of 
amide bonds. The remaining hydroxyls of 
the serine residues become sulfonated. 


The effect of strong acids on the 
peptide link involving a hydroxyamino 
acid has been widely investigated since 
Bergman et al. (/) first demonstrated an 
N — O shift under such conditions. 

Recently, Bock and Thakur (2) have 
reported evidence strongly supporting 
an N > O shift due to the action of con- 
centrated sulfuric acid on proteins. 
Reitz et al. (3) had originally reported 
that when proteins were treated with 
sulfuric acid for a short time, all hy- 
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Fig. 1. Conversion of poly-pL-serine with 100-percent and with incomplete N —> O shift. 


droxyls were sulfonated, and on pro- 
longed treatment a more pronounced 
change occurred with simultaneous sul- 
fate elimination, which could be in- 
terpreted as an N > O shift (4). Elliott 
(5) demonstrated that concentrated sul- 
furic acid causes this shift about the 
serine and threonine residues in silk 
fibroin and lysozyme. This acyl shift was 
also shown to occur by the action of 
anhydrous phosphoric acid on_ silk 
fibroin (6). The effect of sulfuric acid 
on glutein and gliadin has also been 
studied (7). Insulin has been shown to 
retain its biological activity after H»SO: 
treatment, and there was no indication 
that peptide cleavage occurs under such 
conditions (8). 

Treatment with anhydrous formic 
acid, previously interpreted as causing 
an acyl shift, has recently been shown 
to involve exclusively O-formylation (9). 

In this report, poly-pL-serine (/0) 
was used as a model to examine the 


N — O shift in polypeptides and pro- . 


teins. This polyamide would be con- 
verted to a polyester if a 100-percent 
shift occurred, or to a mixed polyester- 
polyamide if the shift was not complete, 
and the remaining hydroxyls would be 
expected to be sulfonated (see Fig. 1). 

Poly-pL-serine (80 mg) was dissolved 
in 5 ml of cold (—30°C) concentrated 
sulfuric acid, and allowed to stand at 
room temperature for 3 days (//). The 
yellow solution darkened slightly on 
standing. 

The polymer was precipitated in 
anhydrous ether at —30°C, centrifuged, 
washed with anhydrous ether until sul- 


12 FEBRUARY 1960 


fate-free, suspended in dioxane, lyophi- 
lized, and dried at 70°C in high vacuum. 

The infrared spectra of the product 
and model compounds are presented in 
Table 1. The infrared spectra show the 
appearance of an ester bond at 1740 
cm”, a decrease in the amide II fre- 
quency at 1545 cm”, strong NH:* 
absorption frequencies at 1610 cm™ and 
1520 cm™ due to the ammonium salt of 
sulfuric acid, sulfate absorption fre- 
quency bands at 1440 cm™ and 1040 
cm”, and a covalent sulfate absorption 
frequency at 1200 cm”. The amide I 
absorption at 1655 cm™ was not ob- 
served in the treated polymer. 

These results indicate that the N— O 
shift has occurred, but the presence of 
O-acid sulfate shows that this rearrange- 
ment did not occur at every amide link. 

The elementary analysis obtained 
was: C, 23.49; H, 4.53; N, 8.57; and 
S, 13.32, yielding an average residue 
weight of 153, lying between the residue 


Table 1. Infrared spectra (in cm" 
pL-serine after H,SO, treatment 
compounds. 


) of poly- 
and model 





Poly-pL-serine (before H,SO,)* 
1655, ~ 1545, 1520, 1400, 1245, 1065 


Poly-pt-serine (after H,SO,)* 


1740, 1700, 1610, ~ 1545, 1520, 1440, 
* 1200, 1040 

pL-Serine-acid-sulfate+ 
1755, 1600, 1520, 1215, 1060, 1005 


pL-Serine methyl ester HCI+ 
1745, 1595, 1505, 1450, 1390, 1200, 1005 


*KBr discs. +Cast film from H,O. 





weights of poly-pL-serine (87) and poly- 
O-acid sulfate-serine (183). The amount 
of ester in the product was found to be 
70 percent by the hydroxamic acid test 
(12); DL-serine acid sulfate gave a nega- 
tive result with this test. Using this figure 
to assess the amount of sulfate present 
as the amine salt, the amount of O-acid 
sulfate can be determined from the total 
sulfur content. A value of 30 percent 
sulfate was calculated by this procedure, 
indicating that all free hydroxyls were 
sulfonated. 

After the hydroxamic acid test the 
material was chromatographed under 
conditions which hydrolyzed the hy- 
droxamic acid (pyridine : MeOH : H:O, 
1: 20:5). Three spots were obtained, 
one of which was identified as serine; 
the other two were probably di- and 
tri-serine. The presence of dimers and 
trimers would be expected, since 30 per- 
cent of the peptide bonds were not 
cleaved. 

These results indicate that concen- 
trated sulfuric acid caused an acyl shift 
of 70 percent of the peptide bonds to 
esters in poly-DL-serine. 

GERALD D. FASMAN 
Children’s Cancer Research Foundation, 
Children’s Hospital, and Harvard 
Medical. School, Boston, Massachusetts 
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High Polymers 


The ninth Canadian High Polymer 
Forum, held at the Guild Inn, Toron- 
to, 26-28 October 1959, was attended 
by 142 polymer chemists from Eng- 
land, the United States, and Canada. 
The forum chairman was M. H. Jones 
(Ontario Research Foundation), and 
the session chairmen were S. Bywater 
(National Research Council), H. H. G. 
Jellinek (Essex College), M. Rinfret 
(Montreal), and G. Olah (Dow of 
Canada). 

At the business meeting the follow- 
ing officers for the tenth forum were 
elected: chairman, L. A. McLeod 
(Polymer Corp.); program chairman, 
K. E. Russell (Queen’s); secretary- 
treasurer, D. A. I. Goring (Pulp and 
Paper Research Institute). 

At the forum banquet the guest 
speaker, C. H. Bamford of Courtaulds, 
Maidenhead, spoke on patterns in re- 
actions and polymers. He said that de- 
tailed information is now available con- 
cerning transfer reactions of polymer 
radicals with a variety of substrates. 
For a hydrocarbon substrate such as 
ethylbenzene, the rate constants for the 
hydrogen abstraction process involving 
a series of polymer radicals are fairly 
accurately proportional to the rate con- 
stants for the corresponding reactions 
with toluene. In these reactions with 
hydrocarbon substrates, polar factors 
are very small. With ferric chloride, 
butyl mercaptan, or carbon tetrabro- 
mide as substrates, a logarithmic plot 
of rate constants for the transfer re- 
action against rate constants for the 
corresponding reaction with toluene 
gives a number of scattered points. The 
pattern of points is, however, very 
much the same in all three cases. With 
triethylamine as substrate, an “inverse” 
pattern is obtained. Patterns of the first 
type are obtained in additional reac- 
tions involving the same polymer radi- 
cals and a number of vinyl monomers. 

The observed patterns can be inter- 
preted in terms of polar effects, the 
rate constant depending considerably 
on the extent to which the substituent 
in the radical is electron-withdrawing 
or electron-releasing. From a quantita- 
tive treatment Bamford concluded that 
it is possible to express the rate con- 
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stant for the transfer reaction of a radi- 
cal with a given substrate in terms of 
the rate constant for transfer with 
toluene and the Hammett o constant 
for the radical. Predictions based on 
this quantitative theory are in excellent 
agreement with experimental results. 

The main sessions began with a pa- 
per by J. K. N. Jones (Queen’s) on 
problems in polysaccharide chemistry. 
In pointing out some of the difficulties 
involved in complete structural deter- 
minations of polysaccharides, Jones 
said that it is not always possible to 
decide whether traces of sugars occur- 
ring with the main hydrolysis products 
of polysaccharides were part of the 
original macromolecule. Degrees of 
branching can be readily obtained with 
the Haworth methylation technique, 
but frequently it is almost impossible to 
achieve 100 percent methylation of a 
polysaccharide. The major problem in 
this field is to imitate the action of 
enzymes on sugars and sugar deriva- 
tives to produce polymers similar to 
those found in plants and animals. 

B. L. Funt and F. D. Williams 
(Manitoba), in their paper on retarda- 
tion and inhibition of methyl metha- 
crylate polymerization, described inves- 
tigations of the effect of benzoquinone 
on methyl methacrylate polymerization 
in which they used C™ -tagged quinone 
and initiator. They observed a transi- 
tion from retardation to inhibition at a 
critical concentration of benzoquinone. 
The session closed witi a short color 
film on polymer interactions, made 
available by W. F. Busse (Du Pont 
Go;). 

The first in a series of papers on 
polymer degradation was presented by 
H. A. Kraessig and J. Neal (Industrial 
Cellulose Research), who discussed the 
degradation of cellulose by megavolt 
electrons. They showed that at low dose 
rates the number of chemical bonds 
broken is a linear function of the dose, 
and that the sensitive volume corre- 
sponding to cleavage of a single bond 
is close to the volume of a monomer 
unit. Experiments on wet cellulose in- 
dicate that water has a considerable 
protective action. H. H. G. Jellinek 
(Essex College) and W. A. Schlueter 
described work performed at the Uni- 
versity of Cincinnati on the photodeg- 


radation of polyacrylonitrile in solu- 
tion, in which light of wavelength 2537 
A was used. The rate of degradation in 
vacuo is proportional to the light in- 
tensity, and the number of broken 
bonds is less than 10° per quantum 
absorbed. W. C. Schneider (American 
Cyanamid Co.) spoke on the thermal 
stability of polyacrylonitrile. He ob- 
served that at 240°C in the absence 
of oxygen the polymer breaks down 
very rapidly, giving a complex mixture 
of products, but that in the presence of 
oxygen a more controlled reaction gives 
water, ammonia, and hydrogen cyanide 
as the only volatile products. J. R. 
Schaefgen (Du Pont) presented a pa- 
per on the thermal degradation of 
poly-p-xylylene. The rate of degrada- 
tion was measured in a chlorinated aro- 
matic solvent in the range 285 to 
321°C. Degradation is random, and the 
activation energy is 58 kcal/mole. An- 
thracene decreased the rate of degrada- 
tion, but common transfer agents are 
inactive. 

R. J. Orr (Polymer Corp.) presented 
a paper on thermochemical aspects of 
free radical butadiene-styrene copoly- 
merization. A treatment of the thermo- 
dynamics of copolymerization has been 
devised which can be applied to high- 
conversion material. The sum of the 
entropy changes for the two _ hetero- 
polymerization steps was found to be 
about 50 entropy units per mole, on the 
assumption that the residual entropy 
contributed by the glassy state is zero. 

C. Booth and L. R. Beason, (Shell 
Chemical Co.) gave a paper on statisti- 
cal treatment of polymer fractionation 
data. A_ styrene-butadiene copolymer 
was fractionated, and the fractionation 
data were subjected to a simple bi- 
nomial analysis. The resulting molec- 
ular weight distribution was in good 
agreement with that calculated from 
the kinetics of the emulsion system. J. 
A. Manson, W. W. Graessley, and L. 
M. Hobbs (Air Reduction Co.) de- 
scribed the determination of the 
breadth of molecular weight distribu- 
tion in polyethylene by an irradiation 
technique. Samples of high-pressure and 
low-pressure polyethylene were irradi- 
ated from a cobalt-60 source and were 
analyzed for soluble and gel fractions. 
From the results it is possible to cal- 
culate weight and number average mo- 
lecular weights of the original poly- 
ethylene samples. 

A. Rezanowich and D. A. I. Goring 
(Pulp and Paper Research Institute) 
have investigated the polyelectrolyte 
properties of a lignin sulfonate micro- 
gel. Their measurements of the poly- 
electrolyte expansion of fractions of 
sodium lignin sulfonate indicate a mi- 
crogel structure for the macromolecule. 
They developed a theory on the as- 
sumption that the microgel structure 
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Kodak reports on: 


the differing demands of art and photographic utility ... what’the big wheels do... 





A Retina in front of your own 





This, in our current and patently 
prejudiced view, is the best camera 
that money can buy, $199.50 worth of 
money, to be specific. 

This is the camera we recommend 
for the scientific worker who does not 
especially enjoy photography for its 
own sake but has decided to deprive 
himself no longer of its benefits to 
his work, 

This camera is very handy for re- 
cording facts as they occur, under the 
widest variety of conditions and with 
the least thought to technicalities, least 
of all to the tiresome question of paral- 


lax. Even at only 5%” film-to-subject . 


distance, made possible by the supple- 
mentary lenses for closeups, the exact 
scene falling on the user’s own retina 
as he presses the button will shortly be 
a 35mm color slide for projection. He 
sees the scene through the camera lens 
itself at its full aperture, with a split- 
image rangefinder view at the center 
of the ground glass. He can make pic- 
tures as fast as he can flip the lever, 
real pictures for which opportunity 
may have come rapidly, not just a suc- 
cession of wasteful trial shots that 
grope for some usable combination of 
camera pointing, focus, and exposure. 
Judgment and arithmetic in choosing 
proper exposure are replaced by the 
act of bringing two pointers into coin- 
cidence, one of them being photo- 
electrically actuated. 

This camera, its wide-angle lenses, 
its telephoto lenses, and its specialized 
photo aids (such as for adapting to a 
microscope) all come from Kodak 
A. G. in Stuttgart, a plant devoted to 
the Retina system of photography. 
They make the taking of good photo- 
graphs easy. Great photographs are 
another matter. Great photographs 
convey universal emotion and are 
works of art. A great and talented art- 
ist may not need a Kodak Retina Reflex 
S Camera, but neither does a Kodak 
Retina Reflex S Camera need a great 
and talented artist. 

They are still a little scarce at the camera 


shops. Please don’t be angry if you have to 
come back a second time. 


pinning orange-colored phenylazophenacyl tails on organic acids 


A kind word for triacetate tape 


We make cellulose triacetate base for 
magnetic tape. We cast it from solu- 
tion on the nigh miraculously smooth 
peripheries of 18-foot wheels like this 


¥en — 





one. In the 330° of rotation allotted for 
preliminary evaporation of the solvents 
before stripping off as sheet, the thick- 
ness—along with any thickness errors 
—shrinks by 4/5. Except for infrequent 
replating, these prodigious wheels have 
been rotating with stately unbroken 
angular momentum night and day, 
winter and summer, weekends and 
workdays for a full generation of 
mortal man. 

Not only do our tape-making cus- 
tomers rival each other in excellence 
of deposition, but our cellulose triace- 
tate has a rival of its own in polyethyl- 
ene terephthalate, which is known as 
polyester. Because of the slightly higher 
price of polyester tape, it has often 
been assumed on all counts superior. 
This misconception hurts us.* The 
price difference at least partially stems 
from the higher salable yield that the 
tape manufacturer gets from cellulose 
triacetate. He has to reject less tape 
for deformation or “skew” and has the 
inherent thickness uniformity of the 
solvent-evaporation method to thank. 

Though most of the tape being 
bought today is our beloved cellulose 
triacetate, there is a place for polyester. 
That we admit. It’s very good for hu- 
midity amplitude and devilishly strong. 

Cellulose triacetate, on the other 
hand, has only 15% ultimate residual 
elongation, not 45%. It does not go 
on stretching and stretching when 
overloaded by apparatus design that 
leans too heavily on strength of the 
tape base. In many applications a 
stretch of large and unknown magni- 
tude could have a sneaky effect on the 
results. 


* Another thing that disturbs us is inclusion of cellu- 
lose triacetate under the generic term “acetate.” 
Fortunately, cellulose diacetate is fast disappearing 
from the tape market. 





One other factor puts cellulose tri- 
acetate high with the man to whom 
the word “dropout” is an expression of 
horror. A dropout is caused by an in- 
homogeneity. Our cellulose triacetate, 
by the nature of its manufacture, is not 
likely to contribute inhomogeneity. Be- 
lieve us. 


Chroma for chromatography 


2-Bromo-4'-phenylazoacetophenone, 
now available as Eastman 7492, forms 
orange-colored esters with many or- 
ganic acids, each with its own relative 
rate of travel over silicic acid, or over 
paper in that type of chromatography. 
The esters are all orange-colored, as is 
the reagent itself. The color makes the 
bands easy to find and the rate of 
movement easy to measure. The sepa- 
rated esters can then be hacked out, 
eluted with acetone, and the melting 
points of the wee bits of ester measured 
to clinch the identification. 

The list of melting points and rela- 
tive mobilities of these esters and a 
procedural abstract that we can send 
you for the asking come from two 
papers (Anal. Chem. 29, 1162 and 26, 
1228) by some California viticultural 
and enological chemists. These fellows 
got into the subject in attempting to 
measure minuscule amounts of various 
esters and free acids that distinguish 
the bouquet of one wine from an- 
other’s. You might mention this to the 
sommelier at your favorite little res- 
taurant in Paris. 

We like this trick of pinning phenyl- 
azophenacy] tails on derivatives formed 
with various classes of compounds so 
that they can be located in chromato- 
grams. It puts the “chroma” back in 
chromatography, where it belongs. 
The new Eastman 7492 joins p-Phenyl- 
azobenzoyl Chloride (Eastman 5549) for 
alcohols, p-Phenylazobenzenesulfonyl 
Chloride (Eastman 7487) for colored 
amides from amines, p-Phenylazo- 
phenyl Isocyanate (Eastman P7438) for 
colored urethanes from alcohols, and 
4-(p-Phenylazophenyl )semicarba- 
zide (Eastman 7443) for carbonyl 


compounds. 
Those are Eastman Organic Chemicals. 
From Distillation Products Industries, 


Rochester 3, N. Y. (Division of Eastman 
Kodak Company), where some 3800 of 
them are on hand. 


Price is list and subject to 
change without notice. 
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has free charges only on the surface 
and showed that the theory agreed 
fairly well with experimental results. 

D. J. Worsfold and S. Bywater (Na- 
tional Research Council) spoke on 
properties of poly-a-methylstyrene pro- 
duced by anionic polymerization. They 
have made a thorough molecular- 
weight analysis of poly-a-methylstyrene 
samples produced with sodium naph- 
thenide as catalyst. One important re- 
sult is a determination of the intrinsic 
viscosity-molecular weight relationship 
for polymer samples of very sharp dis- 
tribution. 

M. Senez and H. Daoust (Montreal), 
in their paper on heat parameters for 
polyisobutylene solutions, compared 
heat parameters determined for the 
polyisobutylene-chlorobenzene system 
by calorimetry and by the viscosity 
method of Fox and Flory. The data fit 
the Fox and Flory treatment of vis- 
cosity data. . 

W. Heller and M. Nakagaki (Wayne 
State), in discussing the exact theory 
of the scanning method for determining 
particle sizes from light scattering, gave 
accurate calculations of the angular 
positions of maxima and minima for 
nonabsorbing spheres foc the large 
relative refractive index of 1.20. The 
results for other relative refractive in- 
dices can now be calculated fairly 
readily. 

T. Gillespie (Dow Chemical Co.) 
presented papers on the limited floccu- 
lation of a colloidal system by a 
water-soluble polymer and the rheology 
of a polystyrene latex thickened with 
methylcellulose. His results on the floc- 
culation of styrene-butadiene latex by 
methylcellulose indicate that the stabili- 
zation of a hydrophobic colloid by a 
hydrophilic colloid is due to changes in 
the balance of the flocculation and de- 
flocculation processes. Methylcellulose 
thickens a polystyrene latex by causing 
a reversible partial flocculation. 

A. Novak and E. Whalley (National 
Research Council) presented data on 
the infrared spectrum of polyformalde- 
hyde and showed that these data could 
be interpreted on the assumption of a 
helical model for the polymer. 

E. H. Immergut, G. Kollmann, and 
A. Malatesta (Dunlop Research Cen- 
tre) reported results on the cationic 
copolymerization of propylene and iso- 
prene. They prepared soluble copoly- 
mers under carefully controlled condi- 
tions, using aluminum chloride as 
catalyst at —78°C (molecular weight 
range, 4000 to 10,000). Reactivity ra- 
tios for propylene and isoprene are ap- 
proximately 0.23 and 0.5. M. H. Jones, 
U. Martius, and M. P. Thorne (Ontario 
Research Foundation) discussed the 
polymerization of 1-butene by metal 
alkyl-titanium halide catalysts. They re- 
ported the results of chemical and x-ray 





analyses of the complex catalysts pro- 
duced by the interaction of aluminum 
triisobutyl or lithium n-butyl with tita- 
nium trichloride or tetrachloride. Ki- 
netic results for the polymerization of 
butene-1 with aluminum triisobutyl- 
titanium trichloride. were given; the 
products were of very high molecular 
weight (intrinsic viscosity between 5 
and 6). 

C. H. Bamford, in a paper on termi- 
nation by primary radicals in vinyl pol- 
ymerization, said that when the initiator 
concentration is high, a plot of rate of 
polymerization of styrene versus mono- 
mer concentration is curved. This can 
be quantitatively accounted for by as- 
suming termination of some growing 
polymer radicals by primary radicals 
from the initiator. The velocity con- 
stant for primary radical termination is 
about 60 times that for mutual termi- 
nation. The interaction of unlike radi- 
cals was discussed by C. Sivertz and Y. 
Ebisuzaki (Western Ontario) in a pa- 
per on the measurement of the cross- 
termination velocity constants for pic- 
rylhydrazyl and alkyl radicals. They 
studied the thermal decomposition of 
azobisisobutyronitrile at such low con- 
centrations that the combination of free 
cyano-alkyl radicals competed with the 
reaction with diphenylpicrylhydrazyl. 
The relationship between the two ve- 
locity constants was derived. 

L. E. Coleman and J. F. Bork (Lu- 
brizol Corp.) spoke on the reactivity 
ratios of N-vinyl oxazolidone and N- 
vinyl pyrrolidone with vinyl monomers. 
N-vinyl oxazolidone copolymerizes well 
with vinyl chloride and vinyl acetate 
but not with styrene and methyl metha- 
crylate; N-vinyl pyrrolidone is more re- 
active than N-vinyl oxazolidone. W. E. 
Walles, W. F. Tousignant, and _ T. 
Houtman (Dow Chemical) have stud- 
ied poly-N-vinyl, 5-methyl, 2-oxazoli- 
done, a new complexing polymer, of 
molecular weight 150,000. It is soluble 
in water below 40°C and insoluble at 
higher temperatures. This behavior is 
explained in terms of a change from 
a structure which presents largely hy- 
drophilic groups to the solvent to one 
which is almost entirely hydrophobic. 

R. J. Ceresa and F. H. Cotton (Na- 
tional College of Rubber Technology, 
London), in presenting a paper on the 
mechanicochemical modification of 
high polymers, said that cold: mastica- 
tion of elastomers in the presence of 
0.1 percent aluminum _ isopropoxide 
eventually leads to gels; under similar 
conditions a mixture of polyvinyl ace- 
tate and polyethylene may give a fair 
yield of block copolymer. 

R. J. Richardson (Atomic Energy of 
Canada) spoke on radiation grafting of 
high polymers. Nylon tenting fabric 
was irradiated with gamma rays in the 
presence of styrene to give polystyrene 
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OVER 100 BULK CHEMICALS 




































INCLUDING : 

+ PHARMACEUTICALS such as + PYRAZOLONES such as me 
DIPYRONE, PHENYLEPHRINE © PHENYL CARBETHOXY ss 
PYRAZOLONE, ye 

PHENYL METHYL “s 

x. INTERMEDIATES such as PYRAZOLONE “ 
ne DIPHENYLACETONITRILE, © AMINO ACIDS and other ie. 
net MALONONITRILE BIOCHEMICALS “, 
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MANY PURCHASING AGENTS, PRODUCTION 
MANAGERS AND RESEARCH DIRECTORS HAVE 
BEEN AMAZED AT THE WEALTH OF CHEMICAL 

STOCKS AVAILABLE FROM WINTHROP 
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x) nese went | Winthrop Laboratories Dept. $-2-12-0 | 
so something Special | Special Chemicals Dept. | 
. BE PREPARED | 1450 Broadway, New York 18, N., Y. | 
| 
| Name. cccccccccce eee ecereeeeeesseseces | 
| POs -00%<% Ce eeeeereeeeeseeeeerese . ] 
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new 
england 
nuclear 


e TRITIATED GLUCOSE 


NET-50 D-Glucose-1-H* 
Specific Activity: 250 mc/mM 
$50/0.5 mc 
$250/5.0 mc 


fer Wr \Selcmee), Baise lt) +33 


new england corp. 


575 ALBANY STREET, BOSTON 18, MASS. Liberty 2-5964 











MAIL THIS COUPON 
for your FREE copy. — 


CENTRAL SCIENTIFIC CO., 1700 Irving ee 
FREE copy of your booklet SPA, Vem 


Earth-Space Science.” 


Park Rd. * Chicago 13, il. 
tion 
Please send mea 
Apparatus for Teaching 


NAME sadacns eee gre 
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ADDRESS _—_——— 
ZONE___STATE____—— 
CIT 


This booklet has been pre- 
ries pared as an aid to teachers 
in the selection of appara- 
tus for a modern course in 
Earth-Space Science. Con- 
tains an outline of subjects 
as well as illustrations, de- 
scriptions and prices of re- 
quired apparatus for each 
eer ove er subject, 


Send coupon for your FREE COPY of SPA today. 


CENTRAL SCIENTIFIC CO. 
A Subsidiary of Cenco Instruments Corporation 
1718-M Irving Park Road * Chicago 13, Ill. 
Branches and Warehouses—Mountainsi N. J. 
Boston @ Birmingham @ Santa Clara e Los Angeles « Tulsa 
Houston @ Toronto @ Montreal e Vancouver e Ottawa 
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i —GYROTORY® 
sy WATER BATH 
SHAKER 


A variable speed, rotary 

shaking apparatus inte- 

grated with a constant 

temperature bath. . . 

precision built for con- 
~ tinuous duty. 


MODEL G76 


®@ Variable speeds: 85-285 rpm or 140-400 rpm. 


© Heats rapidly to pre-set temperatures from ambient 
to 100° C. + 0.5° C. 


®@ Triple eccentric stabilizing system imparts uniform 
agitation to all flasks on the shaking platform. 


@ Cool, quiet, vibrationless performance. 


@ Compact. Large capacity for flasks, tubes and 
beakers. Used with gaseous atmospheres. 


®@ Other models available with reciprocating motion. 


UNCONDITIONAL 1 YEAR WARRANTY 


Write for catalog G76-212S 
NEW BRUNSWICK SCIENTIFIC CO., INC. 


PRECISION LABORATORY 










APPARATUS 





P.O. BOX 606, NEW BRUNSWICK, NEW JERSEY 

















ZOOGEOGRAPHY 


Editor CARL L. HUBBS 


To the Memory of Charles Darwin 
and Alfred Russel Wallace 


AAAS Symposium Volume No. 51 
510+x pp., 115 illus., 13 tables, 6x9, author index 
of scientific names, references, cloth 
AAAS members’ cash orders $10.50, Retail $12.00 
August 1957 Stanford Symposium: 

The Origins and Affinities of the 
Land and Freshwater Fauna 
of Western North America 
December 1957 Indianapolis Symposium: 
Some Unsolved Problems in Biology, 1957: 
Geographic Distribution of 
Contemporary Organisms 

- a vast storehouse of information, 

. a kinetic approach, concerned with processes 
and explanations 

. great diversity in: groups of organisms—areas 
covered—topics stressed—angle of approach 


English Agents: Bailey Bros. & Swinfen, Ltd. 
Hyde House, West Central Street, London W.C.1 


American Association for the Advancement 
of Science 


1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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grafts largely on the surface of the ny- 
lon, with a resultant improvement in 
the weathering properties of the fabric. 
[rradiation of nylon and terylene in the 
presence of acrylonitrile and vinyl pyr- 
rolidone gave a slight improvement in 
dyeing response. 

J. R. Tichy (Maine Medical Center), 
in his paper on the polymerization of 
phosphorous pentachloride and urea, 
presented analytical data on the prod- 
ucts of this complex polymerization. In 
the last paper presented, R. W. Lenz 
and W. K. Carrington (Dow Chemi- 
cal) discussed the preparation of phen- 
ylene sulfide polymers by the Mac- 
allum polymerization. The reaction of 
p-dichlorbenzene with sulfur and so- 
dium carbonate at 300° to 350°C te 
give a phenylene sulfide polymer of 
high molecular weight probably pro- 
ceeds partly by a direct attack of sulfur 
diradicals on the dihalide and partly by 
attack of sodium sulfide formed by re- 
action of sulfur with sodium carbonate. 

K. E. RUSSELL 
Gordon Hall, Queen’s University, 
Kingston, Ontario, Canada 


Forthcoming Events 


March 


13-14. American Otological  Soc., 
Miami Beach, Fla. (L. R. Boies, University 
Hospital, Minneapolis 14.) 

14-16. American Railway Engineering 
Assoc., annual conv., Chicago, Ill. (N. D. 
Howard, AREA, 59 E. Van Buren St., 
Chicago 5.) 

14-17, Positive Health of Older People, 
forum, Miami Beach, Fla. (A. Mallach, 
National Health Council, 1790 Broadway, 
New York 19.) 

14-18. National Assoc. of Corrosion En- 
gineers, 16th annual, Dallas, Tex. (W. A. 
Mapler, NACE, 18263 W. McNichols 
Rd., Detroit 19, Mich.) 

15-16. American Broncho-Esophango- 
logical Assoc., Miami Beach, Fla. (F. J. 
Putney, 1712 Locust St., Philadelphia 3.) 

15-21. Nondestructive Testing, 3rd in- 
tern. conf., Tokyo and Osaka, Japan. (S. 
Ishizaka, Scientific Attaché, Embassy of 
Japan, 2514 Massachusetts Ave., NW, 
Washington 8.) 

16-18. Genetics Soc. of Canada, 5th an- 
nual, Vancouver, B.C. (Miss K. Cole, Dept. 
of Biology and Botany, Univ. of British 
Columbia, Vancouver 8.) 

17. Congress for Pharmacists, 2nd an- 
nual, Jamaica, N.Y. (Congress for Phar- 
macists, Public Relations Office, St. John’s 
Univ., Jamaica 32.) 

17-19. American Radium Soc., conf., 
San Juan, Puerto Rico. (ARS, 635 East 
Union, Pasadena, Calif.) 

17-19. Blood Platelets, intern. symp. 
(by invitation only), Detroit, Mich. (Miss 
S. A. Johnson, Henry Ford Hospital, De- 
troit 2.) 

17-19, National Federation of Science 
Abstracting and Indexing Services, annual, 
Washington, D.C. (R. A. Jensen, 301 E. 
Capitol St., Washington 3.) 
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i7-20. International Assoc. for Dental 
Research, Chicago, Ill. (D. Y. Burrill, 
Northwestern Univ. Dental School, 311 
E. Chicago Ave., Chicago 11.) 

18-19. American Laryngological Assoc., 
Miami Beach, Fla. (L. Richards, Massa- 


chusetts Institute of Technology, Cam- 
bridge. ) 
20-23. American Assoc. of Dental 


Schools, Chicago, Ill. (R. Sullen, 840 N. 
Lake Shore Drive, Chicago 11.) 

20-26. American Cong. on Surveying 
and Mapping, Washington, D.C. (C. E. 
Palmer, American Soc. of Photogram- 
metry, 1515 Massachusetts Ave., NW, 
Washington 5.) 

20-26. American Soc. of Phctogram- 
metry, Washington, D.C. (C. E. Palmer, 


ASP, 1515 Massachusetts Ave., 
Washington 5.) 

21-24. American Acad. of General 
Practice, 12th annual, Philadelphia, Pa. 
(AAGP, Volker Blvd. at Brookside, Kan- 
sas City 12, Mo.) 

21-24. Institute of Radio Engineers, 
natl. conv., New York, N.Y. (L. G. Cum- 
ming, IRE, 1 E. 79 St., New York 21.) 

22-24. High-Polymer Physics, 20th, De- 
troit, Mich. (T. L. Smith, American Phys- 
ical Soc., Stanford Research Inst., Menlo 
Park, Calif.) 

23-25. Nationai Council on Alcoholism, 
annual, New York, N.Y. (M. Ross, Amer- 
ican Psychiatric Assoc., 1700 18 St., NW, 
Washington 9.) 

23-25. Optical Spectrometric Measure- 
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ultraviolet 
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@ Designed to indicate which test tubes in the fraction collector 


contain material of interest 


@ Fit on the apparatus mast of the Fractionator directly above 


the volumetric unit 


@ Equipped with electrical output to operate a recorder 
@ May be connected to any make of fraction collector. 


Interchangeable interference filters make it possible for, one 
absorption meter to be used as either a UV-265IF or a UV-280IF. 


GILSON MEDICAL ELECTRONICS 


MIDDLETON, WISCONSIN ° 


On Madison’s West Beltline Highway 





427 





' Have you analyzed the 


CHEMIST- 





..published by J.T. Baker as a service 
to more than 40,000 technologists 


First ...turn to the table of contents 
of any issue. Note the ready-to-use arti- 
cles about new analytical methods and 
reagents and the time and work saving 
Lab Suggestions. 


Second ... read those papers of interest 
to you. We believe that your analysis 
will confirm that the CHEMIST-ANALYST 
has earned its prestige as a fully profes- 
sional and progressive journal in the 
field of applied chemical analysis. 


Third ... note the informative features 
*““What’s New Under the Baker Label’ 
and ‘“‘What’s New in J. T. Baker Bulk 
Chemicals.”’ These features keep you up- 
to-date about new Baker products and 
new uses for them. 


The CHEMIST-ANALYST has been pub- 
lished since 1911 i Soe manufacturer of 
‘Baker Analyzed’ Reagents, famous for 
the highest standards of quality and 
most informative labeling in the indus- 
try. The ‘Baker Analyzed’ label defines 
purity to the decimal with Actual Lot 
Analysis—not just maximum limits; and 
for more than 320 reagents also by Actual 
Lot Assay—not just range assay. 


NEW SUBSCRIPTIONS. J. T’. Baker is pleased 
to offer the CHEMIST-ANALYsT to an addi- 
tional number of chemists and allied 
technologists. If you would like to re- 
ceive this informative quarterly journal 
regularly and without charge, send us 
your name, title, and your company or 
institutional address. 


J.T. Baker 


Chemical Co. 
Phillipsburg, New Jersey 
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ments of High Temperatures, symp., Chi- 
cago, Ill. (F. Brech, Laboratories for Ap- 
plied Science, Univ. of Chicago, 6220 S. 
Drexel Ave., Chicago 37.) 

24-25. Human Factors in Electronics, 
1st annual symp. (IRE), New York, N.Y. 
(J. E. Karlin, Bell Telephone Laboratories, 
Murray Hill, N.J.) 

24-26. American Assoc. for the History 
of Medicine, Charleston, S.C. (J. B. Blake. 
c/o Smithsonian Institution, Washington 
25.) 

24-26. Aviation Education, 4th natl. 
conf., Denver, Colo. (W. Kinkley, Super- 
intendent of Schools, Aurora, Colo.) 

26-27. American Psychosomatic Soc., 
17th annual, Montreal, Canada. (E. D. 
Wittkower, APS 265 Nassau Rd., Roose- 
velt, N.Y.) 

28-31. Exploitation of Natural Animal 
Populations, symp., Durham, England. 
(E. D. Le Cren, British Ecological Soc., 
The Ferry House, Ambleside, Westmor- 
land, England.) 

29-31. American Power Conf., 22nd 
annual, Chicago, Ill. (R. A. Budenholzer, 
Mechanical Engineering Dept., Illinois 
Inst. of Technology, 3300 Federal St., 
Chicago 16.) 

29-2. National Science Teachers Assoc., 
8th annual conv., Kansas City, Mo. (Miss 
M. R. Broom. NSTA. National Education 
Assoc.. 1201 16 St.. NW, Washington 4.) 


30-31. Adrenergic Mechanisms, Ciba 
Foundation symp. (by invitation only), 
London, England. (G. E. W. Wolsten- 


holme, Ciba Foundation, 41 Portland PIl., 


| London, W.1!, England.) 


31-1]. Continuous Culture of Micro- 
organisms, symp., London, England. (R. 
Elsworth, c/o Ministry of Supply, Micro- 
biological Research Establishment, Por- 
ton, Salisbury, Wilts., England.) 

31/-2. American  Gastroenterological 
Assoc., New Orleans, La. (W. Volwiler, 
Dept. of Medicine, Univ. of Washington, 
Seattle.) 


April 


1-3. American Soc. of Internal Medi- 
cine, San Francisco, Calif. (R. L. Richards, 
350 Post St., San Francisco 8.) 

1-3. American Soc. for the Study of 
Sterility, Cincinnati, Ohio (H. H. Thomas, 
920 S. 19 St., Birmingham 5, Ala.) 

1-4. Bahamas Medical Conf., Nassau. 
(B. L. Frank, P.O. Box 4037, Fort Lauder- 
dale, Fla.) 

2. Paleontological Research Institution, 
Ithaca, N.Y. (Miss R. S. Harris, 126 
Kelvin Pl., Ithaca.) 

2-6. American College of Obstetrics 
and Gynecologists, Cincinnati, Ohio. (D. F. 
Richardson, 79 W. Monroe St., Chicago 3, 
Ill.) 

3-6. American Surgical Assoc., White 
Sulphur Springs. W.Va. (W. A. Altemeier, 


Cincinnati General Hospital, Cincinnati, 
Ohio.) 
3-7. International Anesthesia Research 


Soc., Washington, D.C. (A. W. Friend, 
E. 107 St. and Park Lane, Cleveland 6, 
Ohio.) 

3-8. Nuclear Cong., New York, N.Y. 
(P. Lange, Engineers Joint Council, 29 W. 
39 St., New York.) 


(See issue of 15 January for comprehensive list) 





New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as. 
sumes responsibility for the accuracy of the in. 
formation. All inquiries concerning items listed 
should be addressed to the manufacturer. In. 
clude the department number in your inquiry. 


™ RECORDING POLAROGRAPH manufac- 
tured by Metrohm Ltd., Herisau, Swit- 
zerland. can be applied to amperometric 
titrations and to potentiometric titra- 
tions with low-resistance electrodes. 
Voltage applied to the potentiometer 
is stabilized so that line voltage varia- 
tions of +15 percent are completely 
absorbed. Accuracy of voltage source 
and potentiometer linearity are +0.2 
percent. Maximum sensitivity is said 
to permit determination of metal ion 
concentrations to 10°M. Oscillations 
caused by the dropping mercury elec- 
trode are damped by a 10-step RC sys- 
tem. Charging-current compensation is 
adjustable from 1 x 10° to 5 x 10° 
amp/mm. First derivative polarogram 
may be recorded. (C. A. Brinkmann 
& Co., Inc., Dept. Sci347, 115 Cutter 
Mill Rd., Great Neck, N.Y.) 


™ TAPE SPLICER for perforated tapes 
consists of a small metal block with a 
row of pins that fit the feed holes of 
all standard tapes. After aligning the 
tape ends, a short piece of adhesive 
material with punched holes is placed 
over the joined ends. No information is 
lost in splicing. (Computer Measure- 
ments Corp., Dept. Sci348, 12970 
Bradley Ave., Sylmar, Calif.) 


® VIDEO TELEMETER is designed specifi- 
cally for missile applications. The sys- 
tem uses a 525-line, 30-frame, fully 
interlaced picture. Circuitry is transis- 
torized. Synchronization is crystal con- 
trolled. The entire system occupies 
118.8 in.” and weighs 5.9 lb. Shock 
resistance is 40 grav. for 11 msec in 
three planes. Acceleration resistance is 
45 grav. (Lockheed Electronics and 
Avionics Div., Dept. Sci350, 6201 East 
Randolph St., Los Angeles 22, Calif.) 


® BLACK BODY CAVITY for calibration 
of radiation pyrometers such as the 
Stoll-Hardy radiometer can be adjusted 
to any temperature between ambient 
and 65°C. Aperture size is %4 in. Op- 
eration is on 150 volts, 10 watts. (Wil- 
liamson Development Co., Inc., Dept. 
Sci351, 317 Main St., West Concord, 
Mass. ) 


® ANGULAR ACCELEROMETER consists of 
a seismic system, position-error detec- 
tor, restoring mechanism, and a servo 
error-signal amplifier. Angular accele- 
ration generates a force that tends to 
develop a displacement. The electrical 
feedback signal required to restore 


SCIENCE, VOL. 131 





balan 
that — 
tion. 

rad/s 
put is 
load. 
rad/s 
lutior 
of fu 
0.1 
Scien 
Calif. 


= DR 
be st 
and 

gold, 
per, 

are 
bare 
Dept 
Plair 


= MI 
elect 
rang 
Up 

simu 
be ri 
fron 
plish 
pack 
bath 
and 

men 
(Ar 
Vin 
Pa.) 


AC 
con 
reve 
cap 
con 
and 
pro 
amy 


whi 
mic 
lev 
car 
tro 
Cal 


sys 
ral 
ins 


up 


tra 
ca 
ta 
de 


sc 










from 
dered 
2h AS 
le in. 
listed 
In- 


ifac- 
wit- 
etric 
itra- 
des. 
eter 
aria- 
>tely 
urce 
0.2 
said 
ion 
ions 
lec- 
sys- 
n is 
10° 
ram 
ann 
itter 


apes 
th a 
; of 
the 
sive 
iced 
Nn is 
ure- 
970 


cifi- 
sys- 
ully 
1sis- 
-on- 
pies 
ock 
> in 
e is 
and 
Sast 
if.) 


tion 

the 
sted 
ient 
Op- 
Wil- 
ept. 
ord, 


s of 
tec- 
rvO 
ele- 
; to 
‘ical 
tore 








balance provides an electrical output 
that is a measure of input accelera- 
tion. Ranges from +1 rad to +50 
rad/sec” are available. Full-scale out- 
put is +20 volts across a 12,500-ohm 
oad. Natural frequency of a +10 
rad/sec> model is 100 cy/sec. Reso- 
jution and hysteresis are 0.01 percent 
of full scale or better, and linearity is 
0.1 percent of full scale. (Donner 
Scientific Co., Dept. Sci356, Concord, 
Calif.) 


™ DRAWN WIRES of soft metals can 
be supplied in diameters of 0.0007 in. 
and less. Chemically pure platinum, 
gold, aluminum, nickel, iron-free cop- 
per, aluminum-clad copper, and silver 
are available. Wires can be supplied 
bare or enameled. (Secon Metals Corp., 
Dept. Sci338, 7 Intervale St., White 
Plains, N.Y.) 


§ MELTING POINT APPARATUS is an 
electrically heated device covering the 
range from room temperature to 350°C. 
Up to five samples are accommodated 
simultaneously. Bath temperature may 
be raised to 350°C in 6% min. Cooling 
from 300° to 150°C can be accom- 
plished in 11 min. A vibrating chamber 
packs samples in capillary tubes. The 
bath’ assembly, including heater, stirrer, 
and thermometer, lifts out for replace- 
ment of silicone heat transfer fluid. 
(Arthur H. Thomas Co., Dept. Sci349, 
Vine and 3rd Streets, Philadelphia 5, 
Pa.) 


# ACOUSTIC VIBRATION TESTING SYSTEM 
consists of an aluminum double-wall 
reverberation chamber, with a 30-ft* 
capacity and a power supply and 
control rack. Sixteen low-frequency 
and 16 high-frequency loud-speakers 
produce sound energy. A system of 
amplifiers and filters permits mixing 
of signals to provide a continuous 
white-noise spectrum. Two calibrated 
microphones measure sound pressure 
level. Sound intensity up to 147 db 
can be produced. (Ling-Alter Elec- 
tronics, Inc., Dept. Sci344, Anaheim, 
Calif.) 


" PEAK-PRESSURE GAGE for hydraulic 
systems is available with full-scale 
ranges of 4000 and 10,000 Ib/in.* The 
instrument combines a pressure pick- 
up, an amplifier, a peak detector, and 
a large meter for indication. Pressure 
transients as brief as 1 msec are indi- 
cated. In operation, the meter deflects 
fapidly to the peak pressure and then 
decays slowly to the steady-state pres- 
sure. An output suitable for oscillo- 
scope is provided. (Hydel Inc., Dept. 
Sci355, 223 Crescent St., Waltham 54, 
Mass.) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. Posi- 
tions Open, $33 per inch or fraction 
thereof. No charge for box number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box Number. Monthly invoices will 


be sent on a charge account basis— 

provided that satisfactory credit is estab- 
lished. 

Single insertion $33.00 per inch 

4 times in 1 year 30.00 per inch 

7 times in 1 year 28.00 per inch 

13 times in 1 year 7.00 per inch 

26 times in 1 year 26.00 per inch 

52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 


reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., 
Washington 5, D.C. 


NW 











InMiiil POSITIONS WANTED ill 


Biologist, Ph.D., 11 years’ 
Numerous publications. 





teaching experience. 
Box 14, SCIENCE. 

1/29; 2/5, 12 
Experience in Drosophila genetics, physiology 
M.S. Available September 1960 for teaching, re- 
search assistantship toward Ph.D. Box 27, 
SCIENCE. 3/11; 4/8 
Micr gist, Ph.D., 34; 2 years’ 
teaching, 1 year industrial experience. Numerous 
publications in cancer immunology, serum frac- 
tionations, bacteriology. Desires academic post. 
Box 28, SCIENCE. x 


(a) Senior Pharmacologist with Ph.D., pharma- 
ceutical research-development experience, exten- 
sive publications; desires commercial administra- 
tive appointment. (b) Young Microbiology Ph.D.; 
ASCP registration; experienced in clinical bac- 
teriology, cancer and tuberculosis research and 
teaching; prefers teaching-research employment. 
(c) Plant Physiology Ph.D. with radiochemistry 
training; excellent experience in agronomy and 
radioisotope teaching and research; available for 
top-level academic or research position. S2-2 Medi- 
cal Bureau, Inc., Science Division, Burneice 
Larson, President, 900 North Michigan Avenue, 
Chicago. x 


55 Ranta & inatet 














Vil POSITIONS OPEN _ fill 
ATOMIC Sv PERSONNEL, INC. 
WRITE FOR 
ot EMPLOYMENT AGENCY 
nn NUCLEAR PuELD 
Confidential NO CHARGE TO 
Handling INDIVIDUALS 
Suit 1207-6, 1518 Walnut St., Phila. 2, Pa. 











Biochemist, to participate in several research 
programs dealing with carbohydrate and steroid 
metabolism. In charge of two-man _ laboratory. 
Minimum of M.A. degree or experience equiv- 
alency. New laboratory, liberal policies, living 
quarters available, salary open. Apply Personnel 
Department, Jewish Chronic Disease Hospital, 
E. 49 St. and Rutland Road, Brooklyn, ppt 
Biochemist. Recent Ph.D. or equivalent experi- 
ence for medical school research laboratory, to 
join in metabolic and chemical studies of polysac- 
charides. Please direct replies to Box 29, 
SCIENCE. xX 


Biochemist, Research Associate, Ph.D. To col- 
laborate with research group on isolation and 
characterization of antigens responsible for the 
transplant rejection phenomenon. Experience in 
isolation of natural products desirable. Five-year 
program. Salary commensurate with experience. 
Application with full particulars and references 
to Dr. A. E. Axelrod, Biochemistry Department, 
School of Medicine, University of Pittsburgh, 
Pittsburgh 13, Pa. 2/12 





Biologist, Ph.D., to teach either cytogenetics, 
botanical sciences, or mammalian physiology in 
a Catholic university. Rank and salary open. 
Box 22, SCIENCE. /5, 





| | POSTTIONS OPEN Yl 


BIOLOGICAL 


SCIENTIST 
B.S.—M.S. 


Excellent opportunity with well-known pharmaceutical firm 
located in Philadelphia for alert individuals having M.S. 
or B.S. in the biological sciences. Position in science 
information department offers opportunities to work with 
a wide variety of scientific subjects. Ay :licants should 
have good written and oral expression. Liberal benefits. 
Send complete resume. 
Box 30, SCIENCE 








Cancer Chemotherapy (Research and Develop- 
ment)—opening for qualified junior scientist with 
M.S. or equivalent in bacteriology 
and/or virology. Assist senior scientist in the 
study of microbial cell systems and bacterial and 
animal viruses of potential interest to the cancer 
problem. Submit complete résumé to: Personnel 
am Sagi Bristol Laboratories, Syracuse 1, New 
ork. 


experience 





Chemist, Ph.D., to head department of chemistry. 

Analytical and organic background desirable. 

Research opportunities. Write Chairman, Division 

= Natural Science, LeMoyne College, ae, 
enn. 








Electron Microscopist, Ph.D. or equivalent. Re- 
search institute, New York. Well-equipped and 
adequately staffed air-conditioned laboratory. 
Must have training and experience in all phases 
of preparation tissues and in handling machine. 
Box 20, SCIENCE. 2/5, 12 





(a) Experimental Physiology Assistant or Asso- 
ciate Professor, also Biology Instructor for liberal 
arts college, New York. (b) Research Micro- 
biologist for leading pharmaceutical firm, Mid- 
west. (c) Research Biochemist for medical re- 
search unit of large university-affiliated hospital, 
East. (d) Anatomy Faculty Appointment at lead- 
ing university dental school, Southwest; (e) 
Chief Bacteriologist to head department of 500- 
bed hospital, South. (f) Head of Physics Depart- 
ment in new science center of state university, 
around $10,000 year. Midwest. (g) Pharmacologist 
to head cardiovascular research group on drug 
effect evaluation with pharmaceutical firm, around 
$10,000; East. (h) Research Biochemist for can- 
cer studies at medical foundation, Southwest. 
(Please write for details; also many other posi- 
tions available through our nationwide service.) 
S2-2 Medical Bureau, Inc., Science Division, 
Burneice Larson, President, 900 North Michigan 
Avenue, Chicago. xX 





Medical Technician, male or female, B.S. pre- 
ferred, research laboratory. Paraffin sectioning, 
H and E plus special staining. Some experience 
required. Dr. J. Christensen, St. Barnabas Medi- 
cal Center, High St., Newark, N.J. a/5,.32 





Pharmacologist. Physiological or pharmaceutical 
background for research in pharmacology and 
toxicology. Independent research laboratory on 
East Coast. Salary at Ph.D. or equivalent level. 
Write Box 19, SCIENCE. 2/19 


Physical Biochemist, prospective or recent Ph.D., 
as collaborator in studies of protein denaturation 
at Massachusetts Institute of Technology. Excel- 
lent salary; appointment renewable for several 
| years. Early availability is very desirable. Write 
| to P.O. Box 2176, Potomac Station, Alexandria, 
| Va. 2/19, 26 











Research Associate, M.S. or Ph.D. Major in 
chemistry. Warburg orientation desirable. De- 
partmentalized research laboratory in large gen- 
eral hospital. Immediately available. Write Dr. 
Robert C. Grauer, Director, Singer Research 
Laboratory, Allegheny General Hospital, Pitts- 
burgh 12, Pa. 2/12, 19, 26 





Research Biochemist, male or female, B.S. or 
M.S. Major chemistry, minor biological sciences. 
Varied routine animal experiments and enzyme 
studies. Send résumé to Dr. H. Gordon, St. 
Barnabas Medical Center, High St., Newark, NJ. 

2/5, 2/12 








Harvard Biological Laboratories require Research 
Technician and Supervisor of fully equipped 
laboratory utilizing radioisotopes in biological 
investigations. Individual should have bachelor’s 
or master’s degree in chemistry or physics and 
| should be familiar with management and manip- 
ulation of radioisotopes. Contact Isotope Com- 
mittee, Harvard Biology Department, Cambridge, 
; Mass. x 
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Research Technicians with up to M.A. degree for 
challenging positions in basic biophysical or 
respiratory physiological research. Mechanical 
aptitude desirable. Excellent salaries based upon 
education and experience plus usual university 
employee benefits including 3 weeks’ vacation. 
For additional information please submit résumé 
to Project Administrator, University of Cali- 
fornia, Naval Biological Laboratory, Naval 
Supply Center, Oakland 14, Calif. xX 


(a) Research Virologist; Ph.D. experienced tissue 
culture; research institute affiliated prominent 
western university medical school; to $11,000. (b) 
Biochemist; supervise section in new, modern 
laboratory, 200-bed general hospital; to $7200; 
eastern city 50,000. (c) Virologist-Tissue Cultur- 
ist; Ph.D. trained or experienced virus isolation, 
cultivation cell cultures for research related to 
tumor viruses; new building, newly organized 
eastern research group, excellent hospital facili- 
ties available. (d) Biochemist; Ph.D. to head 
blood-chemistry . laboratory, -bed university 
hospital; large southern city. (e) Pharmacologist; 
Ph.D. to direct screening program, plan, develop 
specialized experiments, new testing methods; to 

0,000; prominent eastern concern. Woodward 
Medical Bureau, Ann Woodward, Director, 185 
North Wabash, Chicago. x 

















..-maybe a rare combination, but 
we’re looking for scientifically trained 
men who have decided that selling 
beats life in the laboratory. 


The Job: 

representing Spinco ultracentrifuges, 
electrophoresis-diffusion instruments, 
amino acid analyzers, and other in- 
struments for biomedical research. 


The Required Background: 
strong in biochemistry. 


If you are interested, tell us about 
yourself. Write Kenneth S. Knapp, 


Beckman/ 


Spinco Division 
Stanford Industrial Park 
Palo Alto, California 














Applications are invited for a position in the 
Soil Science Department, University of Alberta, 
at Assistant or Associate Professor level. Starting 
salary $7500-$9000. Duties to commence 1 April 
to 1 July 1960. Duties will include research, 
teaching and extension in the field of soil 
chemistry and soil fertility. Ph.D. or equivalent 
required and additional experience desirable par- 
ticularly with respect to fertility work with forage 
crops. Inquiries welcomed by Head, Soil Science 
Department, University of Alberta, Edmonton, 
Canada. 2/12 





TISSUE CULTURE COURSE 


The annual course in Principles and Techniques 
of Tissue Culture sponsored by the Tissue Culture 
Association will be given at the University of 
Wisconsin, Madison, Wisconsin, 20 June to 15 
July 1960. A _ limited number of participants 
(post- -doctoral research workers and teachers) can 
be admitted. The course will be directed by Dr. 
John Paul of Glasglow University. For further 
information and application forms, address Dr. 
Mary S. Parshley, College of Physicians and 
Surgeons, 630 West 168th Street, New York 32, 
New York. Tuition $100. Deadline for applica- 
tion, 15 April 1960. 





Virologist-Tissue Culturist, Ph.D. Training and/or 
experience in the isolation of viruses as well as 
the cultivation of cell cultures for research on 
problems relating to tumor viruses. Ample salary, 
new building, and newly organized research 
group in East. Box 15, SCIENCE. 2/12, 19, 26 





Science Teachers, Librarians, Administrators ur- 
gently needed for positions in many states and 
foreign lands. Monthly non-fee placement journal 
since 1952 gives complete job data, salaries. Mem- 
bers’ qualifications and vacancies listed free. 1 
issue. $1. Yearly (12 issues) membership, $5. 
she SCI., Box 99, Station G, ~~ 


HT ScxrOr.cRseocrs 


McMaster University, Graduate Scholarships in 
Biology. Applications are invited for graduate 
research scholarships from qualified students 
wishing to work toward the M.Sc. and Ph.D. 
degrees. The stipend for a 12-month period is 
from $1900 to $2800, including laboratory as- 
sistantship. Research in progress: Systematics, 
ecology, and nutritional physiology of aquatic 
and bloodsucking Diptera, emphasizing Simuliids; 
population dynamics of grasshoppers (D. M. 
Davies). Sensory physiology and behavior in 
fish; limnological significance of trace elements 
in lake bottom sediments (H. Kleerekoper). 
Viruses and virus vectors emphasizing wild plant 
and crop plant problems; cytology of healthy 
and diseased tissues employing viruses and 
radioactive tracers (W. D. MacClement). Com- 
parative physiology of sporulation and growth 
in Ascomycetes; effect of radiation on cell di- 
vision in yeast (J. J. Miller). Autoradiography; 
activation autoradiography; histochemistry and 
blood chemistry in experimental diabetes; com- 
parative endocrinology and tissue repair. (P. F. 
Nace). Experimental embryogeny and _ develop- 
mental morphology emphasizing fructifications: 
palaeobotany- organic terrain (aerial and ground 
interpretation of muskeg); macro- and micro- 
fossil analysis for all horizons, including palae- 
oecological and palynological approaches (N. W. 
Radforth). 

Prospective applicants should write for fur- 
ther information to Prof. H. Kleerekoper, Chair- 
man, Department of Biology, Hamilton College, 
McMaster University, Hamilton, Ontario, Canada. 
Application forms both for scholarships and 
graduate study are obtainable from the Dean 
of Graduate Studies and must be returned to 
him normally by 1 March 1960, accompanied by 
university transcript and letters of ee 
tion from two professors. 


The Market Place 
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DISPLAY: Monthly invoices will be sent on 
a charge account basis—provided that 
satisfactory credit is established. 


$33.00 per inch 
30.00 per inch 
28.00 per inch 
27.00 per inch 
26.00 per inch 
25.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 


Single insertion 
4 times in 1 year 
7 times in 1 year 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 














ih SUPPLIES AND EQUIPMENT jij 


YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 © Denver 16, Colo. 


99.0+% PURE 
METHYL OLEATE - OLEIC ACID 


Applied Science Laboratories, Inc. 
108 N. Gill St., 
ADams 8-0221 






















State College, Pa. 








1919 - 1960 
LaMotte Chemical 
Chestertown, Maryland, U.S.A. 


Specialists in 
Colorimetric Techniques 
Reagents-Standards-Comparators 
Send for Illustrated 


Controls Handbook Dept. H 














SWISS MICE 


BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 








iil PROFESSIONAL SERVICES jill 








HISTOLOGY 
for 
Industry and Research 
GEORGE L. ROZSA, M.D. 
143 Linwood Ave. Buffalo 9, New York 
GRant 7165 














Iii BOOKS AND MAGAZINES Jill 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 








SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 
Your wants supplied from 
ever 3,000,000 —— 


Magazine Service, N. 





our Back Files of 
Abrahams 








THE HUMAN INTEGUMENT 
NORMAL AND ABNORMAL 


Editor: Stephen Rothman 1959 


AAAS Symposium Volume No. 54 


A symposium presented on 28-29 De- 
cember 1957, at the Indianapolis 
meeting of the American Association 
for the Advancement of Science and 
cosponsored by the Committee on 
Cosmetics of the American Medical 
Association and the Society for In- 
vestigative Dermatology. The volume 
offers a fair illustration of what has 
been achieved by modern research in 
cutaneous physiology and pathophy- 
siology. 


270 pp., 59 illus., index, cloth. $6.75 
AAAS members’ cash orders $5.75 
Chapters 
1) The Integument as an Organ of 


Protection 
2) Circulation and Vascular Reaction 
3) Sebaceous Gland Secretion 
4) Pathogenetic Factors in Pre-malig- 


nant Conditions and Malignan- 
cies of the Skin 


British Agents: Bailey Bros. & Swinfen, 
Ltd., Hyde House, W. Central Street, 
London, W.C.1 


AAAS 


1515 Massachusetts Ave., NW 
Washington 5, 0.C. 
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ESSENTIALS of 
HEALTHIER LIVING 


A Realistic Text in Personal 
and Community Health 


fy Justus J. Schifferes, Health Education Council. Geared 
to the needs and interests of adult college men and women, 
this book is written in direct and immediate response to the 
findings of a nationwide survey of over 250 college instruc- 
tors who were asked what they wanted in a college health 
textbook. It incorporates, in addition, recommendations 
made at recent national conferences on college health edu- 
cation. The book is divided into five major areas of modern 
health education: personal health, education for family 
living, mental health, health hazards, and community 
health. It reflects all of the significant medical and social 
research of the 1950's: for example, tranquilizers, space 
medicine, weight control, psychology of accidents, volun- 
tary health insurance, and radiation hazards. 1959. 335 
pages. $5.50. 


LIPIDE CHEMISTRY 


By Donald J. Hanahan, University of Washington; with 
contributing chapters by Frank R. N. Gurd, Equitable Life 
Assurance Society of the United States, and Cornell Uni- 
versity; and Irving Zabin, University of California, Los 
Angeles. Contains an extensive discussion of the chemical 
nature of lipides (mainly from mammalian sources but 
applicable to many other sources) and the difficulties en- 
countered in establishing with certainty the structure and 
purity of lipides isolated from natural sources. New infor- 
mation available within the last ten years is used to pro- 
vide a more explicit chemical definition of the metabolic 
behavior of the single and complex lipides. Recent develop- 
ments described include a number of new and improved 
fractionation techniques, isolation procedures, and methods 
of assay. 1960. 366 pages. $10.00. 


PHYSICAL GEOGRAPHY 


Second Edition 


By Arthur N. Strahler, Columbia University. Completely 
revised, this new edition describes those aspects of the 
earth’s natural science that are of prime importance in 
man’s physical environment—the relation of earth and 
sun, the weather and climate near the earth’s surface, and 
the landforms and soils of the earth’s solid surface. The 
author treats all of the environmental factors that directly 
influence man’s agricultural resources, transportation, and 
other aspects of his existence on the earth. Professor Strahler 
employs explanatory descriptions to cover the material. 
First he explains processes (in the atmosphere, oceans, and 
on land), and this leads logically into the forms (or oc- 
currences) that result. 1960. Approx. 512 pages. Prob. 
$7.50. 





HISTORICAL GEOLOGY 
Second Edition 


By Carl O. Dunbar, Yale University. Iluminates the his- 
tory of the earth from its cosmic origin to the present, with 
special regard for the progressive evolution of life. This 
edition has been substantially rewritten to include the new 
advances in geochronology, the cosmic history of the earth, 
and the new discoveries in vertebrate paleontology and in 
human paleontology. Principles of interpretation are given 
particular emphasis in order to convey how a geologist 
thinks; all generalizations made are supported by specific 
evidence. Over one-fourth of the illustrations are entirely 
new. 1960. 000 pages. $7.95. 


ELEMENTS OF CARTOGRAPHY 
Second Edition 


By Arthur H. Robinson, University of Wisconsin. In this 
new edition, Professor Robinson dedicates his writing 
efforts to a factual, fundamental presentation of the basic 
cartographic principles and procedures needed to produce a 
legible, informative, and attractive map. The simple termi- 
nology, and minimum amount of mathematics employed, 
serve as a flexible format for treating the processes used 
in putting together a map as a visual medium of communi- 


cation. 1960. 343 pages. $8.75. 


PHYSICS 


for Students of Sciences and Engineering 


Part I —By Robert Resnick, Rensselaer Polytechnic Insti- 
tute and David Halliday, University of Pitts- 
burgh. 


Part II—By David Halliday and Robert Resnick. 


The current intimate connection between engineering prac- 
tice and scientific research calls for a revision of the tradi- 
tional courses in general physics. This book sets the tone 
and leads the way for such a revision. Part I deals with the 
basic topics of mechanics, wave motion, and heat. Part II 
is concerned with electromagnatism, optics, wave motion, 
and quantum physics. 1960. Part I: Approx. 600 pages. 
$6.00. Part Il: Approx. 528 pages. $6.00. Combined 
edition. Approx. 1172 pages. $10.75. 


DETOXICATION MECHANISMS 


The Metabolism and Detoxication of Drugs, 
Toxic Substances and Other Compounds 
Second Edition 


By R. T. Williams, St. Mary’s Hospital Medical School, 
University of London. This new edition offers greater dis- 
cussion of the enzymology of foreign compounds and the 
pharmacological and toxicological consequences of the bio- 
chemical transformation of foreign compounds. 1960. 796 
pages. $19.00. 


Send for examination copies. 


JOHN WILEY & SONS, Inc. 


440 Park Avenue South 


New York 16, N.Y. 
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Now you can meet the rapidly growing requirements 
of fluorescence microscopy with 
AO'’s New FLUORESTAR Microscope and Accessories 


A complete FLUORESTAR outfit consists, essen- 
tially, of an AO Spencer Microstar equipped with 
a special dark field stop in the condenser and a 
barrier filter over the compensating lens in the 
body; plus an AO Merc-Arc, Osram HBO-200, 
Illuminator with exciter filter for selective trans- 
mission of light rich in ultra-violet. This new AO 
FLUORESTAR outfit meets the most exacting re- 
quirements for dark field fluorescent antibody tests 
for pathogenic and non-pathogenic organisms. 

There are many FLUORESTAR models you can 
choose from ... each will give you unequalled con- 
venience and versatility. FLUORESTAR Series 12 
and 14 can be used for dark field fluorescence and 
ordinary bright field microscopy; Series 16 and L16 
can be used for dark field fluorescence, phase and 
ordinary bright field microscopy. 


© American Optical 


xe  Gompany 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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In addition to complete FLUORESTAR outfits, 
AO offers fluorescence accessories to equip your 
present AO Spencer bright field or phase micro- 
scope for dark field fluorescence. 

You can use your present microscope for rapid 
scanning of exfoliative cytology and related tech- 
niques by the simple addition of proper filters and 
the AO Spencer 390B Illuminator (with AH4 Mer- 
cury Arc Lamp). 

For complete information on the new FLUOR- 
ESTAR and complete accessories for fluorescence 
microscopy write for our new Brochure SB12, or 
contact your AO Sales Representative. He is thor- 
oughly trained in the techniques of fluorescence 
microscopy. Help with your specific problems is 
yours for the asking. 


Dept. B-2 
Please forward the new FLUORESTAR Microscope 
Brochure SB12 


Name 





Address 





City Zone State 








